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FOURTH down! Seconds to play! De-
fending a slender one-point margin
of victory, eleven husky bodies have
valiantly repulsed three smashing at-
tacks which have advanced the ball a
scant foot to the fifteen-yard line.
With success almost certainly within
the defenders' grasp, the field goal
specialist drops far back behind his
stalwart line. A crashing impact— a
blur of rushing bodies— and his
nimble foot sends the ball spinning
high between the goal posts for the
winning points!
Shift this scene to a battle ground of
modern business. The goal is an im-
portant contract ... a substantial
order for electrical equipment or ap-
pliances. Salesmanship, backed by a
product of established quality, plays
its important part; but a Westinghouse
representative is more than a salesman.
The background of specialized engi-
neering knowledge that so often en-
ables him to serve his customers as a
consultant in electrification, is what
supplies the necessary "punch" to win.
To many a younger college man
with Westinghouse has come the op-
portunity to apply his talent toward
the conclusion of a worthwhile trans-
action. The young men whose photo-
graphs appear on this page are but a
few of many who, with college only a
few years behind them, are finding
success with an organization offering
such a variety of opportunities in the
world's electrical work.
H. B. VIDAL,
Central Station Sales,
Niagara Falls. N.Y.
Uniteriity 0/
Colorado, '22
H.J. KON GABLE,
Udtutrial Sales.
Tulsa, Oklahoma,
Otla. A. & M., 27
Below arc listed a few nf the many important jobs handled by Westinghouse
in recent years, wherein younger college men have played important parts:
Lighting of the BarceUmu Exposition. Barcelona, Spain . . . Hydro-Electric Gen-
erators, Connuingo Station, Philadelphia Electric Company . .. Plant Electrifi-
cation, Maine Seaboard Paper Co.
Westinghouse F. H. STOHR.Headquarters Sates,
Univ. of Iowa '22
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Cupolas controlled from
the laboratory
White hot rivers of metal, pouring from big cupolas in Crane
foundries, are even more thoroughly analyzed, more care-
fully watched, than the drinking water pouring from a faucet
in a well-ordered city.
Because correct chemical ingredients in valve metals are as
essential to absolute safety and right functioning of a piping
installation as pure water to human health, Crane Co. main-
tains laboratory control of cupolas.
This means that experts in the metallurgical and physical
testing of metals are responsible for the quality ofevery valve
and fitting turned out. It means that tensile strength, yield
point, elongation, and reducdon of area of test bars taken
every hour of the day's run are known to laboratory and
cupola chemists. It means that constantly, as the metals pour
out, the proportion of silicon, manganese, carbon, phos-
phorus, calcium, pure iron, are known and uniformly main-
tained. It means immediate correction of any variation and
rejection of faulty materials.
From specifications ofraw materials to final installation. Crane
Co. knows its products and what they will do. How Crane
Co. developed the background for this knowledge makes an
absorbing story. It is titled Pioneering in Science. You are
cordially invited to send for your copy. Aside from its inter-
est, you will find it a splendid reference book on the reactions
of metals to high temperatures and pressures.
Fah',*CRAN E'
PIPING MATERIALS TO CONVEY AND CONTROL STEAM. LIQUIDS, OIL. GAS, CHEMICALS
CRANE CO., GENERAL OFFICES: 836 S. MICHIGAN AVE., CHICAGO
NEW YORK OFFICES: 23 WEST 44TH STREET
Branches and Sales Offices in One Hundred and Ninety-Jour Cities
Fittings
835245
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Illinois' Only Co-operative Book Stores
Engineering Supplies
4
T
Engineers, architects, architectural engineers
and artists find these stores completely equipped
with all the materials needed to do a better class
of work. Now in our tenth year of service we are
striving to ser\ e you e\ en better than e\ er before.
You will profit by getting all your
supplies the Co-operative way
202
SOUTH
MATHEWS
TUP nr Ai r^/\,nn
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610
EAST
DANIEL
Illinois' Only Co-operative Book Stores
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Ground Control of the Aerial Map
of the Missouri River
Joe Tiffaxv ex'31
OF GREAT interest to the people of the middlewest is the passage of the Rivers and Harbors bill
through Congress and its later approval by Presi-
dent Hoover. This bill authorizes the expenditure of
more than one hundred million dollars for the work of
narrowing and deepening the channels of the inland
waterway system, composed chiefly of the Mississippi and
its larger tributaries, the Missouri, the Ohio and the Illi-
nois. This bill is the result of several decades of diligent
work by prominent men in the middle west who have
protested against the condition whereby freight rates
from coast to coast have been less than from the central
part of the country to either coast. The solution of the
problem is the construction of an inland water system
which will allow the passage of steamboats from New
Orleans to St. Lotus, up the Missouri to Kansas City,
Omaha, and Sioux City, the Ohio to Cincinnati and
Pittsburgh, or the upper Mississippi to Minneapolis and
St. Paul. Barge rates are notably lower than rail rates,
and it is even thought that when water transportation is
realized rail rates will have to be reduced in order for the
railroads to compete.
This article is chiefly concerned with sur\eying for
the ground control for the aerial map of the Missouri
River to be made this fall. But in order that this sub-
ject may be made more easily imderstandable, a very
brief discussion will be given of the Missouri River, the
work being done on it, and methods for controlling it,
followed by a short explanation of the method used in
the Kansas City office of mapping from aerial photo-
graphs.
The Missouri River is a notably wild and unruly
stream. It winds its crooked way through a wide soft
valley from its source in Montana to its mouth about
15 miles above St. Louis, no\V flowing smoothly and
evenly, confining itself to a channel of a few hundred
feet in width, now spreading out to a shallow stream a
mile or more in width, with hundreds of constantly
shifting sandbars. At some places in the river it is al-
most impossible to pick a channel to float a large launch,
while at other places depths of 50 or even 75 feet have
been sounded. Chief among the characteristics of tlu-
Missouri is its muddiness, and it is this very condition
that is taken advantage of in its control. The constant
change of location of the channel has been a source of
much grief to owners of land along its banks. A rough
calculation made about two years ago placed the average
loss of land by cutting of the Missouri River at about 43
acres per mile of river per year.
Thi- conlriil I'dily. s, i up ,il ,tinJiiiy Irianijulalion station
Control of the Missouri is in the hands of the War
Department of the United States. The United States
Engineer office in Kansas City, Missouri, which is re-
sponsible to the division office in St. Louis, is in direct
charge of the work. For 4t) years or more there has been
a more or less haphazard attempt to control the Missouri,
but the work has been widely scattered both in location
and time, with lack of appropriations from Congress en-
tirely stopping work at times. It has only been in the last
\e\\' years that any concentrated plan for controlling the
river throughout its entire length has been attempted.
Work has been done so rapidly, however, that the river
below Kansas City is promised to be ready for barges by
the fall of 1931, and construction is well under way be-
tween Kansas City and Sioux City.
As stated above, the silt carried bv the Missouri is
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used in its control. Obviously the more rapid the current
the more sediment is carried by the stream, and if the
current can be retarded some of the silt will be deposited,
causing a fill. Where it is desired to narrow the channel
by accretion, a series of dikes are built. A dike is little
more than a lon<!; row of piles dri\en into the river bed,
arranged in dumps of three piles each at about IS foot
A high mast liki- this is erected over every secondary
station alonij tlie river
centers, well tied together with stringers. The dike is
built perpendicular to the bank and causes the current to
be slowed down, and a deposit of mud and sand is the
result. Where it is desired to keep the river from cutting
away the present bank, a revetment of a thickly woven
lumber or willow mattress is laid and ballasted with
rock. Dikes and revetment are the two chief devices
used for controlling rivers such as the Missouri.
For the past few years the river has been mapped at
intervals of about two years. This fall a map will be
made from Kansas City down to the mouth which will
cover the river and its valley from bluff to bluff, which
means that an area about 400 miles long and from two to
ten miles wide must be mapped.
Since 1926 the Missouri has been mapped from aerial
photographs, and it has been found that this method is
much more economical and speedy than the old method
of ground surveying. The taking of the pictures is done
under contract by commercial aerial photographers and
the work of making the map from the photographs is
done by the aerial mapping section of the Kansas City
office, under the direction of Mr. H. L. Lowe.
The area to be mapped is covered by a series of over-
lapping straight flights of pictures. The successive photo-
graphs in each flight are required to have an overlap of
•It least two-thinls and the flights are so laid out that
there is plenty of overlap. Skillful flying on the part of
the pilot is absolutely necessary since the flights must be
almost exactly straight and the plane at all times level.
Any tilting of the plane tilts the plane of the photo-
graph, causing distortion. The pictures arc taken at an
altitude of 14,000 feet with a camera whose focal length
is U) inches, so that the scale of the photographs is 1,400
feet to the inch.
The finished photographs are sent to the Kansas City
office and the work of making the map is started. The
flights are separated and the topography covered by each
one is traced through onto a piece of "onion skin," a very
transparent paper.
It can be seen now that while each one of these bits
of onion skin, representing the topography in one par-
ticular stretch is a complete map, the problem remains of
tying these together to show the proper relations between
the many flights and to properly orient them with re-
spect to towns, railroads and other topographical features.
In order to accomplish this a system of co-ordinates has
been adopted. A triangulation station shortly below
Weston, Missouri, has been chosen as the zero of co-
ordinates, and all points are referred to Weston for loca-
tion. A point near Brunswick, Missouri, for instance, is
500,000 feet east and 10,000 feet north of Weston. Now
it is apparent that if the coordinates of various points
appearing on the photographs are accurately known, these
points can be used for controlling the location of the
entire flight. The purpose of the survey work with
which the writer is connected is to locate various well-
chosen points on the ground and do the proper field work
so that their locations can be computed in the office.
After the work of interpreting the photographs and
tracing all the topography, even to the last lone tree, is
finished, the flights can be tied together to make a pre-
liminary map on what is called the "work sheet." These
work sheets are thick cloth-backed sheets of paper previ-
ously treated with water to shrink them so that there
will be no change of scale of the map from shrinking or
stretching due to weather conditions. On this sheet is
laid out the grid system of coordinates, with a line drawn
for each 10,000 feet in each direction. The scale of the
finished map is 2,000 feet to the inch, so that these grid
lines are five inches apart. Then the locations of all the
Dikes near I.exini/ton, Mo., and tlie sandbars tliey have built up
points used for control, whose coordinates are known,
are scaled on the sheet and marked. The locations of
triangulation stations, bench marks, and section corners
are also put on in this way.
The next job is that of transferring the topography
from the control sheets to the work sheets. An instru-
ment called the pantograph is used for this. The panto-
graph is composed of four steel bars in the form of a
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parallelogram, with a movable joint at each corner. One
joint is connected by a bail and socket joint to a heavy
base which prevents any shifting of the entire machine.
At the end of one of the parallel bars is a vertical tracing
needle, and on another of the bars is a vertical pencil.
The positions of the needle and the pencil are mathe-
matically computed so that any movement of the tracing
needle causes a similar movement of the pencil. The line
made by the pencil is exactly similar to that traced by the
needle but is to a different scale. The ratio of the scales
can be changed within a wide range by sliding the pencil
along its bar and adjusting the lengths of two of the
parallel bars.
By orienting the control sheet in such a manner with
respect to the work sheet that when the needle is over
the position of the points used for control the pencil is
over the same points on the work sheet, all the topogra-
phy between the points can be pantographed onto the
work sheet to the desired scale of the finished map. The
various control sheets are successively pantographed until
the entire region is mapped. Following this process a
cloth tracing of the sheet is made, and from this blue
prints, ozalids, primulins, or Van Dyke negatives for
making blue line prints on white can be made.
It can readily be seen that the entire work of makin;;
the map depends on having the accurate locations of many
points which appear on the photographs. Previous to thi;
year these locations were scaled off a large map made
Fuju
from a ground survey of the river made between 189(J
and 1895. The system of grids, although adopted only a
few years ago was placed on this map, and as many
points as could be identified on the pictures were scaled.
For several reasons this was not very satisfactory. First,
there have been so many changes in the locations of rail-
roads, road intersections and the like in the last 40 years
that it has been more and more difficult to find enough
points to control the map. Then is was found that in
some points there were large errors in the 1890 map
which made the work of the pantograph operator a night-
mare. Also the 1890 map covered an area much less
than that to be covered by the bluff-to-bluff map to be
made this year, so that if it were the only source of
control many sections of the map would be left without
a means of tying them together properly. So this summer
authority was granted for a complete survey for the pur-
pose of getting control points for the map.
The work was under the supervision of R. P.
Spencer, assistant engineer in charge of the survey section,
with Jack A. Gardner, chief of all the field parties, in
direct comniaml. Five parties were organized, four of
five men each and the fifth of about ten.
The work of the large party was in the nature of a
reconnaissance and preparation for the other parties.
This party, under George Davis, had the task of locating
and flagging all the triangulation points of the net cover-
ing the entire length of the river which had been run in
about 1885. Many of these points had been buried,
moved, or dug up, or had not been used for so many
years that their locations were forgotten, and it was no
easy task to find, replace, and in places entirely recon-
struct the original triangulation net.
The other four parties followed the reconnaissance
crew, doing the actual surveying. The map of the river
A
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below Kansas City is divided into 31 sheets, numbering
from the mouth up, and the parties were assigned two
to a sheet, the two groups at times working together, at
times one on each side of the river, especially the latter
when too far from a bridge to make a quick crossing.
The equipment given each party was very complete. This
included a new six-cylinder Chevrolet truck with a
special body well adapted to surveying use, a new Buff &
Buff transit reading to 20 seconds, plane table, chain,
pins, stadia board, axes, corn knives, tools, etc. Any sup-
plies that were needed were purchased by the chief of
party and the bill sent to the office for payment. Our
party consisted of Steve Christoff, a navy veteran with an
eagle eye, who ran the plane table, the use of which will
be discussed later; Joe St. Clair, whose official capacity
was recorder, but who in addition ran the transit or
changed with Steve to run the plane table; Frank Mc-
Curdy, an undergraduate at Kansas State Agricultural
College, and M. T. Walker, a former highway man,
chainmen and general all-around man. The three chief
jobs were usually rotated every few days so that no one
task became monotonous and any of the three, Steve, Joe,
or the writer was able to perform any of the duties of
the work.
The foundation for all the surveying was the net
of triangulation points which extends along the bluffs
on both sides of the river throughout its length. These
Figure 3
points are marked by a regulation triangulation pipe four
inches in diameter, set vertically in a stone of regulation
size. The exact position of the point is marked by a pin
hole in the center of a raised triangular piece of metal on
top of the pipe. This net of triangulation was established
in somewhat the following manner. Referring to figure
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1, the Icttcii'!.! points n'prcsi'iit the positions of triangula-
tion stations. A and H were first located in such a posi-
tion that they arc intervisible. The distance between
them is chained with extreme accuracy, account beinfj
taken of temperature anil other weather conditions, pull
on the tape, and all other factors which nu'fiht influence
the accuracy of the measurement. Then C and 1) ;ire
Ml SSOURl RIVER
Fill tire 4
located so that at any of the four stations A, B, C, D, all
the other three can be seen, and so that at C and D the
future points E and F can be seen. E and F are located
so that C, D, and the future points G and H can be
seen, and so on. Then the transit is set up at A and
the angles C to D, D to B, and B to C, reading clock-
wise, arc read. Setting up at B, the angles A to C, C to
D, and D to A are read. Each station is successively
occupied and all the possible angles are read. Angles are
usually repeated about six times clockwise, the telescope
transited and the angle read the same number counter-
clockwise. This allows 12 repetitions of the angle, anti
compensates for any maladjustment of the instrument. A
maximum error of closure of about three seconds per
angle is allowed both in closing horizons and triangles.
With the distance A to B known and all the angles
known, the sides AD and BC can be computed. With
either of these sides and the angles in the next triangles,
ACD or ABD, CD can be computed. At intervals
other base lines are chained and any error found is pro-
rated throughout the net back to the last base line. In
this manner the net is continued and the exact positions
of all the stations can be computed, as well as the true
azimuth between any two of them. These locations have
all been computed with respect to the coordinate system
previously explained.
In order that these stations may be seen from long
distances, each one is flagged by the party imder Davis.
The accompanying photograph shows the flag over the
station named White Rock, near Miami Station, Mis-
souri. Most of the flags are made of masts 30 to 40 feet
high, with two diamond-shaped targets about four feet
square, placed at right angles near the top of the mast.
A pole 12 feet long with waving red and white flags is
placed above this. The masts are held by fom- or eight
guy wires.
Many of the towns along the Missouri have high
water tanks which are visible for 20 to 25 miles and are
much easier to see on hazy days than the triangulation
masts. These are made into triangulation points which
can be useii for e\ery purpose other i)oints are used for
except that a transit cannot be set up on them. Referring
again to figure 1, E, I*', and H are three regular stations
from which the water tower can be seen. By setting at
V. and measuring the angle water tower to G, setting up
at F and measuring the angle E to water tower, and
lin.illy setting up at H and measuring the angle E to
water tower, the position of the water tower can be
comi)uted from the known position of E, F, and H and
the angles read. The party under Davis had the addi-
tional duty of cutting in all water towers so that the
parties following could use them.
The control points to be located were chosen approxi-
mately by the office force. Their locations were selected
so as to completely control the flights as laid out by the
aerial mapping section. In general the points consisted
of prominent road intersections or bridges, with an occa-
sional corner of a large outstanding building used if there
was no better topographical feature near. The points
were chosen at intervals of not more than a mile in a
north-south line, and the lines were two or three miles
apart. In many cases in order to tie in the flights the
lines had to be run five miles or more back of the first
line of bluffs. The points were given the number of
the map sheet on which they appeared, followed by a
dash, then an individual number. The point 26-41 meant
that the point was on sheet 26 and was number 41 on
that sheet. Odd numbers were used for points on the
right bank, facing downstream, and even numbers for
points on the left bank. A sketch and description of each
point and the vicinity served to identify the point.
The plane table was used as a further means of
identifying the points so that they could be located on the
photographs this fall, and also helped the field party to
verify its location on the map. Each party was given
prints of the 1928 map of the river. By tacking these
sheets on the table, orienting by needle, and resecting
from three triangidation stations, the location of the table
can be spotted acciuately on the map. In addition to this
Figure
service the plane table man was required to make a map
of the line of control points, in places that the 1928 map
did not cover, and to check and add to the topography
that was shown on the map sheet. All the topography
within a distance of about 1,000 feet on each side of the
line was mapped. The features were located by stadia
shots, intersection, or by sketching.
The locations of most of the control points were
gotten by triangulating. Very few were surveyed by
(ConlinueJ on Paye 30)
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Mesopotamian Sculpture
Bv Paul Evans '31
Editor's note: Lack of space prevents priiitinij this entire
essay, luliic/i •was awarded first place in the Richer competition
last year. The dra^vinns are reproduced by the author from
various sour< es.
Introduction
THE primitive civilization of Chaldaea, like tliat of
Egypt, was cradled in a great alluvial basin, in
which the land was built up by the long continued
deposits of river mud. In the valley of the Tigris and
the Euphrates, as in that of the Nile, it was in the great
plains near the ocean that the inhabitants first emerged
from barbarism. As the ages passed, this culture crept
up the streams, and just as Memphis was older by many
centuries than Thebes, in dignity if not in actual experi-
ence, so Ur and Larsam were older than Habylon, and
Babylon than Nineveh. The manners and beliefs, the
arts and the written characters of Egypt were carried into
the farthest recesses of Ethiopia, partly by commerce but
still more by military invasion; so too, Chaldaic civiliza-
tion made itself felt at vast distances from its birthplace,
the shores where the fish-god Oannes showed himself to
the fathers of the race, and taught them all things good
and wise.' In Egypt, progressive development took plac'
from north to south, while in Chaldaea its direction was
reversed. Thus the orientation of the two basins is in
opposite directions, but in each, the spread of religion
with its rites and symbols, of written characters witli
their adaptation to different languages, and of all those
arts and processes which, when taken together, make up
what we call civilization, advanced from the seaboard to
the river's source.
In these two countries, man seems to have been
awakened to his innate power of bettering his condition
by well directed observation, by elaboration of laws, and
by forethought for the future. Between Egypt on the
other hand and Chaldaea, with Assyria, which was no
more tlian its off-shoot and prolongation, on the other,
there are strong analogies, but there are also many dif-
ferences, as we shall see.
* * S: * * *
A great deal of confusion has arisen concerning the
nomenclature of the Mesopotamian district. There is no
reason to believe that the term Chaldaea had, at any
time, the extensive signification of Mesopotamia.
Chaldaea was not the whole, but a part, of the Mesopo-
tamian plain, which was bounded on the south by Arabia
and the Persian Gulf, on the west by Syria, on the north
by Armenia, on the northeast by Media, and on the
southeast by Persia. Chaldaea lay in the south and west
of this region and constituted Lower Mesopotamia, while
Assyria lay in the north and formed I'pper Mesopotamia.
Even when Chaldaea became nominally a province of
Assyria, the two nationalities remained distinct. Chaldaea
was older than Assvria. Tlie centers of her civil life
were the cities built upon the alluvial plain between the
tliirty-first and thirty-third degree of latitude. The most
famous of these cities was Babylon. Those whom we
shall call Assyrians, a people who rose to power in the
northern mountains at a much more recent date, drew
the seeds of civilization from their more precocious
neighbors.
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Religion- in Mesopotamiax Sculpture
Chaldaea has left us neither monuments of sacerdotal
theology like those we have inherited from Egj'pt, nor
the brilliant imagery in which the odes and epics of the
Greeks sketched the personalities of the gods. However,
we do know something of the religious rites and beliefs
of the nations which inhabited Mesopotamia.
To the earliest inhabitants, the Accadians or
Sumerians, the whole universe was peopled by a vast
crowd of spirits, some dwelling in the depths of the
earth, some in the sea, while others floated on the wind
and lighted in the sky the fires of the day and night.
Some were beneficent and others the reverse, while a
third class was helpful or mischievous according as it
was propitiated by offerings or irritated by neglect.
Fear was the ruling sentiment, as it is in all religions
in which a belief in spirits finds place. The habitual
feeling was one of disquietude, we might almost say of
terror, so that when the imagination endeavored to give
concrete forms to the beings in question, it figured them
rather as objects of fear than of love (Fig. 1). It is
thus that the numerous figures of demons found in
Chaldaea and Assyria, sometimes in the bas-reliefs, and
sometimes in the shape of small bronzes and terra cottas,
are accounted for. A hviman body is crowned with the
head of an angry lion, with dog's ears and a horse's mane
;
the hands brandish poignards, the feet are replaced by
those of a bird of prey, the extended claws seem to grasp
the soil.
This belief in spirits is the second phase that tht:
primitive religion of "fetichism" or "animism" has to
pass through. In the beginning mere existence is con-
founded with life. All things are credited with a sou!
like that felt by man within himself. Such lifeless
objects as mountains, trees and rivers are worshipped.
Childish as it seems, the worship of spirits is at least an
advance upon this form of belief. It presupposes a
certain power of reflection and abstraction by which men
are led to conclude that intelligence and will are not
necessarily bound up with a body that can be seen and
touched. Life has been mobilized, and thus we arrive
at "polydemonism" ; by which we mean the theory that
partitions the government of the world among a crowd of
genii who are more powerful than man. The worsliip
of stars is but one form of this religions conception. The
great luminaries of day and night are, of course, invested
with life and power by men who feel themselves in such
complete dependence upon them.
Chaldaea and Assyria followed the example of Egypt
iti mixing the forms of men with those of aiu'mals in
their sacred statues. It was not only the inferior genii
which were represented in such fashion. When by the
development of religion, the nudtitude of spirits had been
placed under the supremacy of a small number of superior
beings, those whom we may call sovereign gods were
often figured with the heads of lions or eagles. Thus
the fish-god Oannes or Dagon, who sowed the germs of
art and letters upon the earth, had "the whole body of
a fish, but beneath the fish's head he had another head
(that of a man), while human feet appeared beneath his
fish's tail. He had also the voice of a man."-
With the development of religious sentiment and of
definite and clear ideas as to the gods, the plastic faculty
was called upon for greater efforts than it had made
before. Something besides grimacing and monstrous
images of genii were asked from it. Figures were de-
manded which should embody something of the nobility
and majesty attributed to the eternal masters of the
world. The divine effigy was the incarnation of the
deity, was one of the forms in which he manifested him-
self; it was, as the Egyptians would say, one of his
"doubles". Such an effigy was required to afford a worthy
frame for the supreme dignity of the god, and the house
built by man's hands in which he condescended to dwell,
had to be such that its superior magnificence should dis-
tinguish it at a glance from the dwellings of mortals. It
was thus that the temples and the statues of the gods took
form when the various deities began to be distinguished
from one anotlier.
The images of the various gods were built up in great
part by the aid of combinations similar to those made use
of in visualizing the minor demons. A natural bent to-
Fi(iur,- 1: Hrotizt Slalu,-lle—Thr Demon of tin- Soulhwcst IfinJ
wards such a method of interpretations was perhaps in-
herited from the days in which the naive adoration of
animals formed a part of the national worship. Again,
certain animals were, by their shapes and constitution,
better fitted than others to personify this or that divine
quality. It was natiual, therefore, that the artist should,
in those early days, have indicated the powers of a deity
by powers borrowed from the strongest, the most beauti-
ful, or the most formidable of animals. Nothing could
suggest the instantaneous swiftness of a god better than
the spreading wings of an eagle or culture, or his de-
structive and irresistible power better than their breaks
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ami talons, the horns ot tiic bull, or the maiu- and claws
of the lion.
The scLiIptor, tluMvtorc, had a jiood reason for cni-
ployiiig these forms and many others. He introduced
them into his work with skill and decision, and obtained
composite types which we may compare to those in I'-fiypt.
Rut there were some differences to be renK'ndiere<l. The
Ft ff 11 re 3a
human face received more consideration from the Meso-
potamian sculptors than from those of Egypt. Except
in the sphinxes and a few less important types, the
Egyptians crowned a human body with the head of a
snake, a lion, a crocodile, an ibis or a hawk, and some
times of a clumsy beast like the hippopotamus, and their
figures are dominated by the heads thus given them. At
Babylon and Nineveh the case is reversed. Animals' heads
are found, as a rule, only upon the shoulders of those
figures which represent genii rather than gods. In the
latter a contrary arrangement prevails. They may have,
like Dagon, a fish's tail hanging down tlieir backs, or, like
the collosal guardians of the palaces, the body and limbs
of a lion or bull with the wings of an eagle, but the head
is that of a man and the sculptor has given it all the
beauty he can compass. To this there seems to be but
one exception—the eagle-headed god to whom Assyrio-
logists have assigned the name of Nisrich. He seems to
have occupied a high place among the Mesopotamian
divinities.
But the difference between the two systems does not
end there. There are a few deities, such as Ptah, Osiris,
and Amen to whom the Egyptians gave a human form in
its entirety; but even in such cases it was not reproduced
in its native elegance and nobility. The extremities of
Ptah and Osiris were enveloped in a kind of sheath
which made their figures look like mummies. It was not
so in Chaldaea, as we shall see if we examine the method
of representing the greater gods. Take, for instance,
Ncbo, the god of intelligence and prophecy, and Istar,
ihe personification of the earth's fertility, of its power
of creation, and its inexhaustible energy. Ncbo stands
upright, his head is crowned with a horned tiara; he
wears a long robe falling straight to the ground (Fig. 2).
As for Istar, she is a yoiuig woman, nude, large-hipped,
and pressing her breasts with her hands (Fig 2). The
awkwardness which characterizes these figures is due to
the inexperience of the artist; his intentions were good
but his skill was hardly equal to giving them full effect.
His Nebo was meant to be as majestic as a king or high
priest; his Istar is the spouse, the mother, the nurse; she
is the goddess "who rejoices mankind, who, when fertil-
ized by love assures the duration and perpetuity of the
species"''. Thus the anthropomorphism of the Chaldaeans
was more frank than that of the Egyptians, and so far
the art of Chaldaea was an advance upon that of Egypt,
although it was excelled by the latter in executive quali-
ties.
We are rather at a loss to know which of the myriad
of gods and goddesses were considered most omnipotent
by these people. In the Babylon of the second Chaldaean
empire there was, it seems, a double embodiment of the
divine superiority in Merodach or Marduk, the warrior
god, and Nebo, the god of science.
But in spite of their aspirations and the august role
assigned to their Merodach, their Assur, or their Nebo,
Chaldaea and Assyria succeeded no better than Egypt in
giving a firm embodiment to the sovereign moderator of
the universe. Their art was without the skill and power
required for the creation of an image which should be
worthy of their mental idea. Neither the temples of
Babylon nor those of Nineveh had an Olympian Jove.
Assur came nearer to the acquisition of a supreme
and unique godhead than any of his rivals but we do not
know with any certainty what features were his in
plastic representations. Some have recognized him in a
group which often occurs, here floating over a field of
battle, there introduced into some scene of admiration.
You are at once struck by the similarity of the group
in question to one of the commonest of Egyptian symbols
—the winged globe on the cornice of almost every temple
in the Nile valley. The Assyrians appropriated the
emblem sometimes with hardly a modification upon its
Figure 3c
Egyptian form, but more often with an alteration of
some significance. In the center of the symbol and be-
tween the outspread wings, appears a ring, and, within it,
the figure of a man draped in flowing robes and covered
with a tiara. He is upright; in some cases his right hand
is raised as if in prayer or benediction while his left
grasps a strong bow; in others he is stretching his bow
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and about to launch a triple-headed arrow which can be
nothing but a thunderbolt.
In this discussion we have made no attempt to dis-
criminate between Chaldaca and Assyria. The two
peoples, brothers in blood and language, had, in fact, but
one religion between them. Several lists of Assyrian gods
and godilesses have been found, but with the exception of
Assur, they contain no name which does not belong to
Chaldaea. The Assyrians invented nothing. Assur him-
self seems to have been only a secondary form of some
Chaldaean divinity. When Xineveh fell, Assur fell with
her, while those gods who were worshipped in common
by the peoiile of the north and those of the south long
preserved their names, their fame, and the sanctity of
their altars.
Teciiniql E OF Chald.aea-Assyri.an- Sculpture
Ihe art of Mesopotamia, like that of Egypt, had its
cdiuentions, some of which were peculiar to itself, while
others are common to all nations that have arrived at
sovereign power and maturity of knowledge.
Like all those who attempt plastic figuration, the
artists of Mesopotamia began with profiles, since this
method of representation is the simplest and easiest of all.
The Chaldaea-Assyrian artists, unlike those in Egypt,
were unaccustomed to the nude. One consequence of
this is the almost exclusive love of bas-relief in which
Mesopotamian art is unlike that of any other people. In
its very beginning, it seems to have made a vigorous and
promising effort to rise to the production of statues in
the round, but discouragement appears to have followed
rapidly, and in later years very few attempts were made.
The salience of figures was increased or diminished
according to their place and the part they played, but the
ji^i?i«;^i^
-? AO£>.C>N' -
idea of detaching them altogether from the background,
and gi\ing them an independent existence of their own,
was soon abandoned. L nder the first Chaldaean empire,
statues in the round were modelled. (Fig. 3). (See
also Fig. 2). In several of these, although the forms
are not so round as in nature, the back is as carefully
treated as the front. This is well exemplified in the
Atlantes figures found in front of the harem walls at
Khorsabad (Fig. 3a). They seem to have been employed
in the structure as true columns. On their head-dress
they support a square plinth which bears witness to their
architectural function. Their figures are of more than
y .' -..-
.
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human stature. From the sacred \ases which they press
to their breast, flow torn" streams; two of these fall
directly upon their feet, while the two others, rising over
their shoulders, fall down their back to their feet in
undulating bands.
On the other hand most of the few statues that have
come down to us are all too thin from front to back, and
their backs are hardly more than roughly dressed stone.
Instead of statues, the Assyrians often erected stelae
and obelisks—a kind of monument which holds, so to
speak, the middle place between statues and bas-reliefs.
Among the stelae, the most finished type is that of King
Samsi-Raninianu III (Fig. 3b). It is a monolith of
slightly trapezoidal form, rounded in the upper part.
The sides are covered with cuneiform in.scriptions re-
lating the exploits of th.' king. On the face of the stela,
surrounded by a border which forms a frame, the king,
in high relief anil seen in profile, stands in adoration be-
fore the planetary symbols. It is clear that the artist
has been bolder than he would have been in dealing with
a statue in the round. The feet and arms are more free
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ami are not tu-ld so closely to the figure, aiul the details
of the clothinj; are well executed.
Ho\ve\er, these statues show only the feeblest As-
syrian work. The plastic genius of this people should
not be judged from them but from the form in which
they were most at home, that is from the long lines of
figures that stand out in various salience from the palace
walls. Among the productions of this latter class we find
every degree of relief from bas-relief strictly speaking, to
what is but little removed from the round.
It is with true bas-relief that the walls of temples
and palaces were covered, as if with a stone tapestry. The
Assyrian process is very similar to that afterward adopted
by the (jreeks. There are no examples of the Egyptian
fashion of defining the outlines of the figures by a deep
groove, nor of those figures that were, so to speak, let
into and modelled within the surface of the wall. In
both Chaldaea and Assyria the figure stands out from
the bed of the relief from a quarter of an inch to an
inch, according to its si/.e. The bed is nowhere hollowed,
it is one even surface.
Most of the great bas-reliefs have but one plane, and
to this they owe the simplicity that gives them a certain
nobility, even if it does tend toward monotony in design.
Examples of two planes, in which the figures are groups
in couples, the nearest to the spectator in each couple
covering a large part of his companion, are by no means
rare (Fig. 4). We may sa\' the same of those in which
a background of trees introduced behind the figures. This
arrangement is especially frequent in the more compli-
cated pictures where the figures are small and numerous;
but even in the last century of the Assyrian monarchy,
when the sculptor showed an ever-increasing tendency to
draw attention and excite interest by the introduction of
details, he never qvu't his hold of a right instinct for the
conditions of true bas-relief. Unlike the Roman sculp-
tors, he shows no hankering to get rid of the bed ; he
never destroys the clarity of his conception by unduly
multiplying the planes. He did not understand how to
show objects in perspective or how to manage foreshort-
ening, and this ignorance served him well ; it preserved
him from the temptation into which more skillful artists
are so prone to fall ; it prevented him from forgetting that
the design best suited to bas-relief is purely geometrical
in its essentials.
The relief, of course, becomes higher as the size of the
figure increases, but even when it is highest, the salience
does not go beyond what is called "mezzo-relievo" ; that
is to say, no part of the principal or accessory figure
stands out from the wall in the round, as, for instance,
do the heads and limbs of the metopes of the parthenon.
The same remark holds good of the colossal figures
of lions and winged bulls at the palace entrances (Fig.
3c). In these images there is a compromise between the
"round" and the bas-relief of a very original and peculiar
character. Looked at from in front, the lions and the
bulls seem to be independent statues; the head, the chest,
the legs, stand out with as much freedom and amplitude
of development as in nature; but step a little to one side
and their a.spect will change. You will then see that
only the fore part of the animal is disengaged from the
block of alabaster or limestone in which it is cut and the
rest of the body remains imprisoned. The contours alone
arc indicated, in low relief. Thus we have a quarter of
the statue standing out from sixteen to twenty inches in
front of the slab on which the sides are shown in sil-
houette. It looks as if the image had made an effort of
shake itself clear of the mass of stone and had only
partially succeeded.
There are other peculiarities in these images. Looked
at from the front, they appear stationary, their two fore
feet being on the same plane and close together; any
other arrangement would have been awkward. But if we
look at them from the side, they appear to be walking, in
which attitude all the four legs are visible and clear of
each other. In most cases the bulls were not parallel to
the facades they decorated, but perpendicular to them.
They faced the visitor as he approached the gate, and it
was not until he entered the passage that he got a side
view of their bodies. Some contrivance was sought by
which their figures should appear complete from both
points of view, and the following expedient was hit upon.
As soon as the spectator had entered between the bulls,
he could, of course no longer see more than the foreleg
nearest him; the other was hidden by it. The latter was
then repeated by the sculptor and thrown back under the
body of the animal, which, as a residt, had five legs.
This contrivance is one of the distinguishing marks of
Assyrian art; so far as we know it appears nowhere else.
As we have mentioned, even in the greatest schools of
sculpture, the bas-relief prefers figures in profile. In
those exceptional instances in which the Assyrians
abandoned this preference, they were visibly embarrassed.
They did not understand how to shorten the feet, there-
fore they put the lower part of the figure in profile while
the upper part faced the spectator. This puts the figure
in a painful and awkward attitude. It is the same when
they wish to make a figure turn, the movement of the
shoulders and neck is so clumsily rendered that the sculp-
tor seems to have put the head on wrong side foremost.
In general, however, the ample draperies helped the artist
out of his difficulties. Thanks to the veil which hides
his ignorance of the attachment of limbs, he succeeds in
avoiding those dislocations that are so frequent in the
Egyptian bas-reliefs.
Also, when he had to render the human countenance,
the Assyrian sculptor had the same fault as he of Egypt
;
he placed a full, or nearly full, eye in his profiles. This
can probably be explained by the fact that while the nose
and mouth are more clearly marked in the profile than
in the front face, it is in the latter that the eye is able to
display its full beauty. When seen from the side it is
small, its lines are abrupt, and the slightest change affects
its contours in a fashion which is very puzzling to the
unlearned artist.
If, in some of its habits, the sculpture of Mesopotamia
bears a strong resemblance to that of Egypt, it is, never-
theless, far inferior to it in other respects. The Assyrian
or Chaldaean artist never seems to have looked closely
enough to perceive the differences that distinguish one in-
dividual or even one race from another. At least if he
saw them he did not understand how to reproduce them;
he did not even try to do so. From the very beginning,
the art of the Nile valley turned out portraits of as-
tonishing truth and life. Everywhere we find a singular
aptitude in seizing and noting those peculiarities which
make every human face a unique creation. Very few
traces of this talent are to be found in the monuments
of Mesopotamia. Of course, in a school of draped sculp-
ture we could hardly expect to find any great preoccupa-
tion with the beauties of the human body. Given the
Assyrian costume it was impossible. In many works from
the Nile valley the influence of sex, age, and even the
profession upon the development of the muscles is skill-
fully shown. But the faces were not concealed by the
Assyrian draperies; why then were their distinctive marks
of individuality so consistently ignored ? The sculptor
should have concentrated his attention upon them all
the more and so arrived at a more faithful portrait. He
did not do so, however. Neither Assyrian nor Chaldaean
had any such ambition. By a process of selection and
(Continued on Page 31)
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Determining the Rate of Heat Transfer
In Residential Boilers
B. Leichtox Weli.man '3U
THE material for this report was gathered during
the summer of 1929, while I was assisting Mr. W.
P. McOsker with experimental work being con-
ducted by the Heggie-Simplex Boiler Company, at Joliet,
Illinois, on their series of Residential Heating Boilers.
Reference to the accompanying drawing, and the table
of dimensions will show the construction and sizes of
boilers composing the series. There are two series of ten
sizes each: one series, designated by the letter S is fitted
with 2 inch fire tubes, the other, the SB series, with 3
inch tubes. The boilers are made of steel with electrical-
ly welded seams.
The object of our tests was, in addition to determin-
ing the rate of heat transfer in the tubes, to determine
firebox temperatures at the entrance to the tubes for
various rates of energy liberation, and for various rates
of fuels ; finally, it was desired to assemble the results of
the work in a set of tables and curves, which might then
be applied to calculate the performance of boilers not yet
submitted to test.
Essentially, to ascertain the rate at which heat was
being transferred from the hot gases through the steel
tubes to the surrounding water, it was only necessary to
know the temperature of the gases entering, the tempera-
ture of the gases after traveling the length of the tubes,
the weight of gas per unit time, and the length of tl;e
tubes, or area in contact with the gases. Undoubtedly,
all of these factors influence the rate of heat transfer,
but only by experiment can the degree and manner of
this influence be best determined.
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it actiialK' is. This loss from radiation, liowincr, varies
with the range in tenipe ratine, hence wiien actual com-
parative values for the two couples were plotted as
shown in Curve II a means was obtained for correlating;
the readings with these couples and checking their cali-
bration.
mo
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What Branch of Engineering Shall I Choose?
These Articles May Help You in Your Selection
ENGINEERING and Architecture have always been open professions as contrasted with the medical profession,
for instance. Men of varying degrees of ability and technical training are needed in the several levels of
professional practice. There are no well defined supporting groups with professional status of their own
as is the case in the medical profession with nurses, pathologists, roentgciitologists, and others forming very definite
professional bodies whose members do not advance into the medical profession through long experience in their
own work. Quite the opposite is true in Engineering and Architecture. Every draftsman, instrument man, and
inspector hopes to become a full-fledged engineer at some future time.
Many men have come into world-wide prominence and prestige in times past in the practice of these two in-
teresting professions without formal technical education of any kind. In fact, many have never had an education
beyond the secondary schools. However, with the rapid developments of the last fifty years in pure science and in
methods of design, manufacture, and construction, it has become increasingly important that young men desiring
to enter these professions shall e(iuip themselves at the very outset of their careers with as thorough an education
in English, history, mathematics, the physical sciences, and the technology of their chosen professions as it is
possible to acquire in the best technical schools and colleges in four years time.
Due to the fact that the age in which we now live has become very complex through developments by scientists,
engineers, and architects, there have grown up numerous subdivisions of these professions which make it difficult
for the student just entering college to decide upon one of the several branches open to him. The Technograph is
doing a fine thing in presenting in its early issues articles by men who speak with authority, dealing with the
work of the engineer and architect in the sveeral fields. These articles will supplement the efforts of the college
very effectively in bringing to the prospective engineer or architect as full information about his chosen profession
as it is possible to give in the brief time available.
—Professor H. H. Jordan',
Assistant Dean of the Cnllrije nj Entjinrrruig.
The Department of Architecture
Prof. Lorin'g H.arvey Provine
Head of the Department
As you walk along the streets of a large city and ad-
mire the great structures that line either side, would you
like to have some part in the processes involved in the
cration of such structurs? The Department of archi-
tecture offers to those who are interested in the pro-
fession three options suited to those of different inclina-
tions. Architecture is more than the mere design of
buildings. It involves not only a beautiful exterior but
it must be safe and it must be useful for the purpose
intended. The architect must study the problem as to
the type, kind of building and height of structure that
will yield the best returns on the investment to the
owner; it involves a study of modern materials, the
effective arrangement of rooms which will promote
efficiency of operation. The usual large structure must
have a skeleton or framework which must be carefully
designed and the footings must be adequate for the loads
imposed. The building must meet the demands of good
ventilation and mechanical equipment. The architect is
responsible for the inspection of the materials used as
well as their application. He must be a keen business
man in order to prepare estimates, issue certificates and
arbitrate disputes.
To meet these demands of the profession, the Depart-
ment of Architecture offers three options in architecture.
For the man with the design ability, the creative in-
stinct, there is a curriculum in design, intended to stim-
ulate the imagination, to develop the creative instinct.
For those who desire to be responsible for the strength
of the building, the construction option is offered. The
student is taught the fundamentals of good structural
design. He is responsible for the proper size of trus.ses,
beams, girders, columns, and foundations. This requires
a thorough grounding in mathematics.
There are a great number of students who are in-
terested in the profession of architecture who are not the
creative designers although they are good critics of de-
sign, and who do not have the inclination to design the
structural elements. For such students the option in
general architecture is offered. These men after gradua-
tion engage in the practice of architecture. They know
design and are excellent critics ; they appreciate the im-
portance of safe construction, and can ofifer suggestions
as to the solution of the problem. They become men of
vision, able to figure for the owner the economics of a
proposed building project, and are able to meet business
men and talk business, architecturally, to them.
All three options offer work which should enable the
student to pass the state examination for the practice of
architecture if he has the other qualifications to be ad-
mitted to the examination.
The Department of Architecture is splendiill\ hou.sed
in a well equipped building. The top floor is devoted
to the freehand drawing, water color, and similar studies.
The third floor is de\oted to such subjects as Technology
of Materials, Graphic Statics, and the work given in the
construction option. The second floor is a T in shape
with large well lighted drafting rooms at either end and
the Architectural Library in the stem.
The first floor has a great Hall of Casts at the west)
end where there is foiuid a fine collection of reproduc-
tions of sculpture, architect\iral motifs, and casts from
the antique. At the east end of the building is the
gallery where there are always on display loan exhibitions
of prints, paintings, or drawings. This gallery also houses
the permanent art collection of the University.
The work in modeling and graduate work in design
is housed on the ground floor in well lighted rooms.
The Architectural Library has an outstanding col-
lection of books. The student is expected to use the
library for inspiration and study. Books may be taken
from the library to the drafting rooms for reference. In
addition to the many thousand bound books, there is a
great collection of mounted plates and photographs,
lantern slides, and classified portfolios of illustrative
material. The outstanding current periodicals on archi-
tecture and related subjects are also available.
The department doe.s not expect to turn out "finished"'
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architects. Tin- real purpose is to teach the student to
think, to teach him tlie architectural alphahet; when lie
has gained his practical experience he can use this alpha-
bet in any way that may CLxpress the spirit of the civiliza-
tion in which he lives.
There is a great demand for outstanding men in
architecture; there will always be. The student is in-
spired to make big plans for his future, looking ahead to
the demands which will he imposetl upon him.
Ceramic Engineering
Prof. Cl i.len" W. Parmei.ee
Head of the Department
Everyone is interested in Ceramics, consciously or
not, but very few recognize the scope and importance
of the industries which are classed under that name.
Many of its branches may justly be considered as in-
dispensable to our modern civilization, without which
the chemical and metallurgical industries and all those
dependent upon them, our building industries, our modern
sanitation and so on, either could not exist or would be
greatly limited in development.
To illustrate the basic importance of the ceramic in-
dustries, consider the production of iron and steel, two
metals which are virtually indispensable to our civiliza-
tion. Without an abundant supply of them we would
have to return to a more primitive mode of life. These
and all commercially important metals are produced in
furnaces built of ceramic materials. Nor do we know
ot any cheap, abundant, and convenient substitute for the
purpose. If so it would be used.
The ceramic industries include those products of clay
of all kinds; pottery of all kinds, building materials,
electric wares, chemical wares and so on, even including
lead pencils and false teeth; glass wares of all sorts,
cements in great variety, and the vitreous enamels used on
cooking ware, sanitary wares, advertising and street signs,
etc. Also, large qviantities of clays are used in paints, in
the manufacture of soap, of paper, oilcloth, etc.
A little more than a quarter of a century ago the
first department of a university to give systematic in-
struction in the fundamental engineering principles of the
technology of the ceramic industries was organized at a
sister institution. Tentative efforts for the same pur-
pose had been made at the University of Illinois at an
earlier date but our department was not established until
1905.
The work of the department is of two sorts: in-
struction and research. For the first named purpose, we
offer two curricula. One is strongly engineering for the
training of those primarily interested in the design, con-
struction, and operation of plants manufacturing ceramic
products, which curriculum we designate as Ceramic En-
gineering. The other curriculum is Ceramics, which is
concerned with the application of the principles of
physics, chemistry, and mineralogy in the study of the
raw materials and their utilization. Both curricula are
concerned with the properties of the products manu-
factured. We do not study the decorative arts and their
use in the manufacture of ceramic products which we
regard as outside of our fields.
Both of the curricula require four years of study. The
first year in ceramic engineering is uniform with that of
most engineering curricula, whereas the curricvilvmi in
ceramics is quite different throughout.
The opportunities for the graduates are many and
are attractive both as to kind and financial rewards.
These well established, essential and prosperous indus-
tries, manufacturing wares of recognized merits and
utility, are influenced by the same economic forces which
prevail in all other industries. Consequently, the rapid
advances in technology have necessitated the employment
of increasingly large numbers of trained ceramic en-
gineers and ceramists and there is a strong and growing
demand for the services of our graduates in manufactur-
ing, in research, and in sales.
An important fact which deserves attention is the
small number of ceramic departments in existence and the
correspondingly limited numbers of graduates available
for the industry, which condition is favorable for the
young graduate.
As for research work, through the co-operation of the
Engineering Experiment Station of which we are a part,
and by means of funds furnished by the University and
man>' industrial organizations, this department has
energetically carried on a program of investigations in
many different ceramic fields. Some of these investiga-
tions have been of a fundamental character, others of an
industrial type. These investigations are under the direc-
tion of members of the staff with the aid of full-time
and part-time assistants.
These researches have included vitreous enmaels for
metals, firebrick for furnaces and gas-making machines,
the drying of brick, the properties of electrical porcelain,
the production of sewer pipe and flue linings, and the
properties of feldspars. The eight or more young men
engaged on these problems as assistants in gathering valu-
able scientific data have gained valuable experience in re-
search methods. It has also been possible for them to
work towards graduate degrees, which has equipped them
to enter into very satisfactory positions.
The equipment of the department is very complete
both for instruction and research. No other similar de-
partment excels and it is doubtful that any other school
equals it.
Civil Engineering
Professor W. C. Huntington
Head of the Department
The popuar conception of the civil engineer is a man
with high-top boots, corduroy pants, a broad-brimmed
Stetson, and a blue flannel shirt far off in the wilds look-
ing through a transit. This picturesque and appealing
occupation is still a possibility but the development which
has occurred in this country during recent years has
opened up so many fields of activity to the civil
enginer that the romantic figure just described repre-
sents only a small part of those included in the civil en-
gineering profession.
The names of other branches of engineering are some-
what descriptive of class of work they include but this is
true of civil engineering only in a very general way.
Until late in the eighteenth century, engineering con-
sisted primarily of the construction of fortifications,
bridges, and highways for military purposes and was
imder the direction of engineers serving with the armies
of the world. As civilization de\eloped the need arose
for engineering works for civilian use. The construction
of these was entrusted to properly qualified civilians who
gradually became known as civil engineers to distinguish
them from the military engineers whose activities were
confined to military works. For a short period these
were the only classes of engineers but soon the mining
engineer appeared and the development of the steam
engine, electrical machinery, chemical processes, the auto-
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mobile, and the aeroplane have led to specialization and
resulted in the forniation of many branches of engineer-
ing which are non-military in character but which are
not included under the head of civil engineering.
Notwithstanding the breaks which have occurred in
its ranks, civil engineering is a broader field than ever
before because of the rapid development of our civiliza-
tion. At present, the major branches of civil engineering
are structural engineering which includes the design and
construction of bridges, the structural features of build-
ings and many other t\pes of structures; highway en-
gineering which is rapidly pushing the network of im-
proved highways over the entire country and devising
means of traffic control, railway engineering which in-
cludes the location, construction, and maintenance of
railways; sanitary engineering which includes the design,
construction, and operation of plants for supplying pure
water to those who live in cities and for disposing of
sewage and other waste products; hydraulic engineering
which makes water the servant of mankind by power
development, irrigation and river and harbor improve-
ment and curbs its destructive tendencies by flood control
and land drainage; and city planning which consists of
the planning of the street system, recreational areas,
transportation facilities, and the solving of many of the
problems which confront the modern city. IVIany civil
engineers are engaged in contracting, valuation and re-
search, or are serving in technical or executive capacities
on the staffs of public utilities and other corporations
whose acti\ities include work of a civil engineering char-
acter. The work of the civil engineer may be analytical
as in the design of bridges or the steel frames of sky
scrapers, and in research ; it may be financial as in esti-
mating, cost keeping, valuations, or financing engineering
projects; or it may have a strongly human aspect as in
directing the efforts of men on construction, in the pro-
motion of engineering projects or in winning popular
favor for proposed public improvements.
In the early days, civil engineering was a trade rather
than a profession, an art rather than a science, but the
rapid increase in bridge spans and loads and in the height
of buildings; the demand for the eiificicnt use of materials
and labor because of such high cost; and the pollution of
water supplies by an even increasing pop\dation have re-
quired that the civil engineer be thoroughly familiar with
scientific principles and do his part in developing them.
This has led to the introduction and rapid expansion of
civil engineering courses in colleges and universities
throughout the country. At one time, many schools of
engineering were known by the appropriate name of
Schools of Applied Science but they are now coniinonly
called Colleges of Engineering.
The curriculum for the freshman year in the course
at the University of Illinois is the same for all branches
of engineering. This is possible, for during that year it
is necessary that all engineering students secure funda-
mental training in mathematics, science, drawing, and
rlietoric, and it is desirable, for it permits a student to
change from one branch of engineering to another with-
OLit the loss of credit at the end of the freshman year
when he is more familiar with the type of work included
under each branch. Many students become discouraged
during the freshman year because it seems that they are
getting none of the real engineering they ha\e been look-
ing forward to. Houever, the work of the freshman
year is extrcmly important and failure to secure a good
grasp of the freshman courses, particularly those in
mathematics, is quite likely to make the engineering
courses which follow much more difficult and result in
an extra year in college.
In the sophomore year, differentiation between the
various branches of engineering begins although there is
still a marked similarity due to the courses in calculus
and physics. During this year, the student's desire for
work of an engineering character is satisfied in civil en-
gineering by the courses in mechanics, surveying, bridge
and building construction, highway construction, and
principles of concrete making. These courses are in-
trodviced to acquaint students with the elementary prin-
ciples, with the terms used in civil engineering, and with
types and methods of construction but they also serve to
arouse and maintain his interest in his university course.
Those who wish to study a foreign language may do so
by slight modification of the course. One year of a
foreign language is of very little value but if two or more
years work in one language has been taken in high school,
further stud\' of the same language is desirable for a
student should then be able to secure a reading knowl-
edge of this language. There is a vast amount of very
valuable technical literature written in French or Ger-
man but very little in Spanish, however, in rare cases a
knowledge of Spanish may be desirable because of its
extensive use in South America. Many civil engineering
students plan on going to South America when they
graduate but fortunately very few of them adhere to this
ambition.
The junior year appeals to nearly all students who
have had the courage, industry, and ambition to do
creditable work for the first two years. During this
>'ear, most of the courses are classed by the students as
real engineering. They include a continuation of the
study of mechanics, courses in the calculation of stresses
in structures and in design, hydraulics, railway and high-
way surveying, roads and pavements, the theory of re-
inforced concrete, and steam and air machinery. Oppor-
tunity is afforded for the election of courses in geology,
electrical engineering, economics, or other subjects in
which a student may be particularly interested. In the
senior year, various options are offered so that a student
may specialize to a limited extent on some branch of
civil engineering. The junior year is the same for all
of these options except those in sanitary engineering and
city planning. Students who are interested in sanitary
engineering should take bacteriology as an elective during
the second semester of the junior year. The students
following the city planning option take courses in city
planning, and architectural drawing beginning the first
semester of the junior year in place of steam and air
machinery and electives. A special curriculum has been
arranged for those students.
In the senior year options are offered in structural
engineering, highway engineering, sanitary engineering,
hydraulic engineering, and city planning as well as a
general option which has courses from the other options
or from tlic branches of engineering. Students who
are primarily interestet! in the civil engineering phases of
railway engineering should register, as freshmen, for
Railway Civil Engineering in the Department of Rail-
way Engineering. As has been stated, the city planning
option must be started the first semester of the junior
year and it is desirable but not necessary to start the
sanitary option the second semester of the junior year.
The other options start the first semester of the senior
year. The basic courses are the same in all options so
upon graduation a student is not restricted in the type
of position he may be qualified for. In recommending
graduates for positions, very little attention is paid to the
option they have taken but in general students elect the
option which represents the type of work in which they
are most interested and it is quite probable that they will
20 11 li; 'IKCllNOCRAPll Oitnlur. I9.W
take up work in that tifid after graduation.
After completing the four-year course and securing
the bachelor's degree most students start on their civil
engineering careers. The department assists students in
securing positions and each year the gratluates are success-
ful in becoming located. In each class there arc a feu-
students who can profit by further study and should
seriously consider spending an additional year or two in
graduate work. By securing this superior training they
are capable of undertaking problems which are beyond
the capacity of those uithout graduate training. There
is a great satisfaction in this superior position and the
increase in earning power more than offsets the cost ot
the additional year in coHege. Each year a limited
number of research graduate assistantships are available
at the University of Illinois. They provide for half-
time graduate work and half-time research with the En-
gineering Experiment Station, the master's degree usually
b?ing secured at the end of the second year. Research
graduate assistants are paid enough to meet a large part,
if not all, of their expenses. These appointments arc
eagerly sought by students from all parts of the countr\.
Graduates in civil engineering from the University
of Illinois have assumed positions of leadership in all
phases of civil engineering work. The alumni roll in-
cludes chief engineers and executives of large railway
systems, designers and builders of outstanding bridges,
engineers in charge of highway organizations, designers
and builders of important water supply and sewage dis-
posal systems, leaders in engineering education and re-
search, executives in corporations, writers of technical
books and editors of engineering publications, and many
others who have won positions of distinction. Each year
about seventy young graduates in civil engineering from
the University of Illinois start on careers which will
bring success to many and distinction to a few.
The Department of Electrical Engineering
Prof. E. C. Schmidt
Head of the Department
The department of Electrical Engineering at the Uni-
versity of Illinois was organized nearly forty years ago.
At that time the electrical telegraph had been in use for
half a century, and the electric telephone was in general
use in the cities, although to an extent which appears
limited when compared with our present telephone sys-
tems. Electric arc lamps were used for street lighting
and carbon filament incandescent lamps were being in-
troduced for interior lighting. At the Columbian Exhibi-
tion in Chicago the electrical machinery exhibited for the
transmission and utilization of electric power had at-
tracted great attention. It was the dawn of the era to
which we now refer as the electrical age. This new age
called for new specialists who were known as electrical
engineers, men with training which fitted them to handle
the many problems which rapidly presented themselves as
the use of electricity expanded. It was to aid in the train-
ing of such men that at Illinois and at other engineering
colleges curriculums leading to degrees in electrical en-
gineering w-ere opened.
The first two years of our electrical curriculum arc
devoted to the study of courses whicli are preparatory to
the electrical engineering courses offered during the
junior and senior years. It is especially important that
one who is to do technical work in the electrical field
should be thoroughly grounded in mathematics and in
physics. He should also have a thorough understanding
of mechanics and of subjects in some of the allied en-
gineering fields sucli as shop work, surveying, drawing,
thermodynamics and steam engines and boilers.
Tile ability to write good engineering reports is of
more importance to the electrical engineer than most stu-
dents imagine. One who does not learn how to write
well through his study of rhetoric, in connection with
tile preparation of his laboratory reports or in some other
manner will later find himself at a serious disadvantage.
An electrical engineer must deal witli many subjects ot
a non-engineering character and electives arc provided
in the curriculum so that one may take a limited amount
of work in language, iiistory, economics, law or other
non-technical branches of learning.
The electrical engineering subjects offered during the
junior and .senior years are intended to give the student
an understanding of the fundamental principles of
electrical circuits and machinery as well as to give train-
ing in the methods which have been found most useful
by practical engineers in the solution of engineering
problems. This instruction is administered in three types
of course, namely: class room recitation, for the dis-
cussion of theoretical principles ; laboratory courses, for
the development of experimental technic and ability to
analyze experimental data; electrical design courses, to
learn the methods used in the design of proposed ma-
chines or power systems. During the senior year those
who wish may elect courses in radio commiuiication or
undertake the study of some electrical problems in w hicli
they are especially interested.
During recent years there have been sixty or more
men who have graduated each year from our electrical
engineering department. Openings in the electrical field
for several times this number have been brought to our
attention. The growth of the electrical industry from
the development of the incandescent lamp fifty years ago
has been remarkably steady. The law of growth is ap-
proximately to double every ten years. The size of the
electrical industry is now such that expansion at this
rate calls for large numbers of additional workers.
Until the past decade a majority of our electrical
graduates became associated with companies having to do
with electric power. Since the war period a considerable
number of oiu' graduates have taken positions in otiier
branches of the industry such as in telephony, telegraphy
and radio communication.
During the past year the electrical department has
expanded into new space and much additional equipment
has been secured. The value of our laboratory apparatus
is well above a hundred thousand dollars and few labora-
tories in the world excell our own in facihtics for in-
struction and for scientific research.
Tile use of electricity in the transmission nnd utili/n-
tion of energy and in the transmission of intelligence iias
started one of the greatest social revolutions ever known
in the world's history. The process of change is still
active and other major uses of electricity will be de-
veloped. Tiie rate of change seems ever to accelerate.
This is because of our highly organized agencies for re-
search and development. To an important degree we
have learned how to learn. What an attractive field for
the young man whose abilities and interests lead in this
direction! But the young man who expects to make his
life work in this field should realize that advance in the
art leads to problems of greater and greater difficulty
and hence the engineer who is to be successful in the
future must have an intellectual training much more com-
plete than that which has sufficed for the engineer of the
past generation.
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The Department of Railway
Engineering
E. G. Young
Research Prof. R. M. E.
The Department of Railway Engineering administers
three curricula, Railway Civil Engineering, Railway
Electrical Engineering, and Railway Mechanical En-
gineering. These courses are practically identical with
the regular civil, electrical and mechanical courses
through the sophomore year, but in the third and fourth
years there are specialized subjects offered which are
designed to give the student preparation for technical
positions in the service of both steam and electric rail-
ways, and of manufacturers supplying the railways with
locomotives and rolling stock, electrical equipment, and
track equipment. As in the case of other courses of in-
struction many former students have left the stricth
technical side of their work and entered executive,
operating or manufacturing courses. Some of the posi-
tions held by former students of this department may be
mentioned as follows
:
Railuay RIechaiiical Enyinecring Students:
General manager of a large gear works specializing
in railway work.
Special engineer studying the possibilities of binning
stack cinders as they arc discharged, promoting safety and
fuel economy.
Rai/uay Civil Enr/iiieeiiny Students:
Engineer in charge of construction, foreign railway.
Division engineer, large western railway.
Railuay Electrical Eni/incering Students:
Research Engineer with leading firm of street rail-
way management specialists.
Superintendent of Transportation of a large city rail-
way.
Engineer in charge of design and construction of sub-
stations, important interurban railway.
The foregoing list does not include the work of any
of the many foreign students who have returned to their
home countries to undertake responsible and important
positions. In addition to this list there arc several gradu-
ates engaged in engineering teaching in this country' and
abroad.
The department, througii the Engineering Experi-
ment Station, conducts many research projects designed
to assist in the solutio.i of railway operating problems.
A recent and notable example of this work is the series
nf laboratory tests carried out upon a large Illinois
Central locomotive in April, May and June to determine
the economic value of the Nicholson Thermic Syphon, a
de\ice installed in the firebox to accelerate the circula
tion of water and thus promote fuel economy. Other
research problems have dealt with the most advantageous
size of coal for locomotive use, the stresses set up in
chilled iron car wheels, exten.sive studies of train re-
sistance under many different conditions, the study of
electric railway track bonding, the strength of various
forms of rail joints, the endurance of signal relays, etc.
The principal items of equipment used by the depart-
ment for instruction and research are the locomotive
testing laboratory, on which the largest existing rigid-
frame locomotive could be tested, and on which the de-
partment maintains a small locomotive for instruction
purposes; a steam railway dynamometer-car, an electric
railway test car, a complete set of motor and control
equipment for a street railway car, a brake shoe testing
machine, and a drop testing machine.
The Department of Mechanical
Engineering
I'RCir. .\. C. WiLLARI)
Head of the Def>arl/uenl
We are engaged, organized and equipped as an educa-
tional department of the University to provide the basic
training for men who wish to enter the profession of
-Mechanical Engineering.
Objectives:
We are not trying to develop ultimately either
draughtsmen, mechanics, shop foremen, and superin-
tendents on the one hand, or corporation presidents,
treasurers and secretaries on the other hand, although
some of our graduates are engaged in such capacities and
no doubt others will follow them from time to time.
The trade school is responsible for the former group,
and the College of Business Administration for the latter
group. We are trying to lay the foundation in a very
brief time for the future chief engineer, who, to cite just
two of the many fields of activity in which our graduates
are engaged, will design, build and operate the super
power plant, and the super manufacturing plant. Such
a man will be concerned with the economical de\elop-
ment and utilization of power, and its unlimiteil applica-
tions. If he justifies his selection of mechanical en-
gineering as a profession, and the expense involved in his
college education here at the University, he must be
capable, first of all, in succe.ssfidh' practicing his pro-
fession as a mechanical engineer.
The object in view, therefore, in training our own
Mechanical Engineering students is to provide the
ground work or fundamentals necessary for the future
development of professional practicing engineers. This
ground work includes the study of the natural sciences,
mathematics, English, one or two foreign languages, and
a limited number of strictly engineering subjects in-
tended to give the student .some facility in applying
theory to the most common problems in his particular
field. In accomplishing the object so briefly outlined
above, we have available .something less than M months,
interrupted by long vacations.
It should be apparent that the time available will
permit of little extension of the curricvdum into other
fields of knowledge, valuable as these other subjects may
be, without sacrificing the basic training necessary for the
future mechanical engineer who is to become a leader in
the practicing of his profession. Unquestionably, he
would be a better engineer if these other subjects could
be added to his present training, but they cannot be suc-
cessfull) included in the time of .^2 months now allotted
for the H. S. degree in .Mecham'cal Engineering.
(lurriculuin
:
Since the progress from raw material (the Higli
School graduate) to finished product (the Univcrsit\
graduate) must be rapid, great importance attaches to the
selection of the proper general fundamental subjects of
the freshman and sophomore years. The professional
fundamental subjects of the junior and senior years and
the later success of the graduate, deepnd \er\' largely
upon the student's iiorking knowledge of these general
fundamental subjects.
The selection of the general fundamental subjects for
the future Mechanical Engineer is a surprisingh' simple
process, and the list is brief.
The general list:
1. Natural Science—Physics and Chemistry.
2. Mathematics through the Calculus.
(Continued on Page 32)
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New Techno^raph Policies
We would like to call attention to what we believe
are some very important innovations in the Technograph.
The fir.st innovation i.s the increase in student-written
articles, two of the three features in the current issue
being by undergraduates. One of these articles is a re-
port of an engineering jiuiior's summer experience; the
other consists of exerpts from a prize-winning article in
the line of historical research. Such contributions are to
make up the bidk of the reading matter of the Techno-
graph this year.
The second innoxation is our informally conducted
"Know Illinois" campaign of which the contributions of
the various ilepartments heads form the first installment.
We hope this will be of particular value to the incoming
freshmen, but it is our belief that quite a few upperclass-
men may profit as well. This article will be followed by
others covering such things of local interest as the en-
gineering library, the university power and heating sys-
tem, and the repaving of Wright street.
Third, we want the Technograph to prove in some
small measure to be a tool for the cultural molding of
the engineering student body. Our curriculum is (neces-
sarily) very full of integral signs and stress-strain curves,
and the implication implanted very firmly in the student
mind is that engineering began with Sir Isaac and Rene
D., and that those who preceded them labored in error
and to no avail. We are not advocating any such
measures as the Latin "mental discipline" of a generation
ago, but we do believe that our chosen profession has so
rich and inspiring a background (extending into a past
whose time-distance has already been lost to man's knowl-
edge), that it is an luifortunate graduate indeed who has
not gone for at least an occasional stroll along the byways
of engineering history. With that in mind articles will
appear from time to time dealing with engineering of
the past—Paul Evans' article in this i.ssue deals with the
work of architects of a long-dead civilization and is the
first of this series.
To carry a bit further our cultural aim, the cover
will carry each month a pen sketch of some great en-
gineering achievement of the past, and the artist who
prepares it is to provide in addition a brief description of
the subject of his study. The October cover depicts a
part of the Roman Coliseum, described elsewhere on this
page.
But we are not going to become bearded history pro-
fessors or archaeologists. The greater part of our con-
tributions will consist of both technical and non-technical
reports of current engineering projects, researches, and
inspection trips. We are striving for a pleasing balance
in subject material that will make our magazine of in-
terest to everv Illini engineer.
The Purpose of Tan Beta Pi
Tau Beta Pi is an organization founded to mark, in a
fitting manner, those who have conferred honor upon
their alma mater by distinguished scholarship as under-
graduates, or by their attainments as alumni.
In addition, an aim of the local chapter this coming
year is to seek some way in which the students of the
various departments of the College of Engineering may
become more familiar with the work being done in de-
partments other than their own. To this end we are
endeavoring to find men of worth to give addresses at
the social meetings of the year. It is hoped that, in addi-
tion to the benefit derived from the talks themselves, the
members and friends of the organization may thus be
drawn into closer contact.
We are attempting also to derive more pleasure and
social contacts from our meetings. It is true that the
engineer has little time to spend upon extra-curricular
activities, but this year Tau Beta Pi includes in its mem-
bership the student colonel, a varsity cheerleader, a mem-
ber of the varsity track team, and the senior track man-
ager. Thus it may be seen that if so inclined an engineer
may derive some measure of enjoyment aside from neces-
sary pursuit of knowledge.
If, then, Tau Beta Pi shall have any message for the
students of the college of engineering it is the hope that
they shall seek to become more closely linked to the stu-
dents in other departments, and that they shall endeavor
to broaden their activities in such a way as to obtain
more benefit so vitally from their college work.
(^ne business meeting has already been held. A social
meeting, open to the university public, is schedided for
October 22, to be followed by business meetings on No-
vember 5 and 19. AH meetings will be at 7:00 p. m.,
the place to be announced later.
P.AUL EvAXS, President.
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Seventy-Five Dollars for Etigiiwering
Essays
Announcement has been made of the annual Schacfcr
prize competition for the best essay on an engineering
subject by an undergraduate student of the engineering
school. The Technograph reprints, below, the rules of
the contest, and adds an urgent appeal that its readers
consider seriously the advantages to be gained by enter-
ing the competition.
IVIr. John V. Schaefer, president of the Cement Gun
Construction Company, Chicago, offers a first prize of
$50.00 and a second prize of $25.00 for the best two
papers by students of the University of Illinois, describing
some practical engineering experience. The following
are the conditions governing the competition
:
The writer must be a student of the University of
Illinois beyond his freshman year in the College of En-
gineering, and he must present his paper early in Janu-
ary. No student can receive the prize more than once.
The essay must describe an engineering project on
which the writer has been personally engaged, and shall
be accompanied by photographs and drawings made by
the writer. The paper submitted must be one which has
been written expressly for the competition. A copy of a
report or similar material which has served another pri-
mary purpose will not be accepted. Most of the articles
appearing in the technical journals, for instance, the En-
gineerhig NciL's-Record. are examples of the type of
paper best suited for the competition.
The essay must contain not less than 1,500 words
nor more than 2,500 words, and it must be written by the
contestant himself either in legible longhand or on a
typewriter. No amanuensis or stenographer may be em-
ployed. It is to be written on one side of standard
85^x11 letter size paper, with 1/4" margin on the left.
Each essay must show the name and address of the writer.
The papers will be graded by three judges to be
appointed by the Dean of the College of Engineering.
In making the awards, consideration will be given to
diction, grammar, spelling, logical arrangement, com-
pleteness of description, excellence of sketches, drawings,
and photographs, and accuracy of detail.
Papers must be submitted to the Dean of the College
of Engineering not later than 5 P. M. on Wednesday,
January 7, 1931. The awards will be made during the
second semester.
New Office for A. S. C. E.
The local student branch of the American Societ>' of
Civil Engineers has opened an office at 318 Engineering
Hall, and enters the 1930-31 school year with the
largest enrollment of any student chapter of that organi-
zation in the United States.
Three regular meetings and a smoker ha\e alreadx
been held. On September 22 Billings Wilson of the Port
of New York Authority was the speaker. The smoker
was the night of September 25, in the parlors of the
L'nion building. J. F. Coleman, president of the Ameri-
can Society of Civil Engineers, spoke on "Difficidtics in
Foundation Work in New Orleans" at the September 26
meeting. C. E. Cjrunsky of San Francisco, president of
the Engineering Council and past president of the
A.S.C.E., spoke on "Flood Control" October 8.
Prominent speakers scheduled for the near future are
Maj. Wm. Bowie of the Coast and Geodetic Survey; G.
H. Finkle, who will speak on the Detroit water supply;
F. T. Sheets, head of the Illinois state highway depart-
ment, and Olie Sengstadt, who will tell of interesting
features of the Holland tunnel.
The Cover Picture—Riiitis of the
Colosseum
By far the most overpowering and complex example
of Roman engineering prowess that remains in a fair
state of preservation today is the Flavian Amphitheatre,
more popularly known as the Colosseum. With respect
to circulation and vision, the design compares favorably
with the most recent stadia of the present day; and in its
capacity for spectators it has been surpassed by only a
few of the most modern structures.
The Colosseum is of a type unique among ancient
buildings. The structural prTablems involved were en-
gineering in character, primarily because the Romans
built up this enormous edifice without that extraneous
support which the Greeks secured in theatre building, by
scooping the auditorium out of the earth. In this venture
of the Romans is an entirely new departure made possible
by the invention and use of concrete, which they employed
not only in the corridors and cells, even under the arena
itself, but also in the multitudes of raking vaults, which
formed the almost indestructible foundations of each of
the four tiers of seats reared one above the other in a
great ellipse, to the crowning colonnade.
The construction is notable for the skillful combina-
tion of materials, according to the purpose to which they
were applied. The component parts of the concrete vary
thus: I. lava was used for solid foundations, II. tufa
and brick for the supporting walls. III. pumice stone for
the vaults to reduce their weight. Travertine blocks, set
without mortar and held together with metal cramps,
were used in the facade, while marble was employed for
the columns, scats, and ornament.
The supporting mass has been calcuhiteil to occupy
as much as one-sixth of the whole area of the building,
and consists of wedge shaped piers, radiating inwards and
supporting concrete vaults sloping downwards towards
the center, all producing a structure of great inherent
strength, difficult to destroy. It stands today as one of
the best preserved of the Roman ruins.
A New Bulletin Board
An entirely new publication for engineers appears on
the campus this year—the monthly Technograph. In
previous years the quarterly issues have had compara-
tively little of interest for the average student because
the wide gaps between them made it impossible to use
the magazine for notices or accounts of current happen-
ings.
This >ear, with an issue appearing the tenth of each
calendar month during the school year, the Technograph
is making a special effort to carry a running account of
engineers' activities. The A.S.M.E., A.S.C.E., A.I.E.E.,
railway engineering club, and all other professional and
honorary engineering organizations on the campus are
urged to use our columns for whatever publicity they de-
sire. Announcements of meetings, smokers, elections, and
imtiations carried in the departmental notes of the
Technograph will circulate among all those interested
and receive considerably more attention than a similar
notice posted on a bulletin board. We are also glad to
publish news stories following these various events
—
write-ups of speeches, and so forth.
If our staff fails to reach yoiu' organization some
month, see that we are notified at once and a regular
reporter will be assigned to cover its activities. We want
to become an efficient medium for spreading campus
news.
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U\s AvKV, m.c. '10, i^ one iit the newly
elected officers of the Cleveland Illiiii
club, serving as vice-president. He is
the editor of the Foundry. Two other en-
gineers are members of the executive com-
mittee, Envvis' L. CoNNEi.i,, e.c. '12, and
\V. F. CioiTRA, c.e. '«3. Connell is chief
engineer of the \'an Horn Electric Tool
company and (Joltra, manager and dealer
in railroad tics, lumber, and railroad con-
struction.
C. J. Johst Dan ./!'( >'
(George J. Jobst, c.e. '97, widely known
Peoria contractor, civic leader and cap-
italist, died May 10, following an
emergency operation and was buried the
following Wednesday with funeral
services at the Scottish Rite Cathedral
there. He was considered the wealthiest
man in Peoria and was widely known for
his philanthropies.
Horn September 27, 1875, in Peoria, he
attended the schools there and entered the
University to study civil and architectural
engineering. He was a member of Tan
Delta Tau fraternity.
Following his graduation, he and his
brother, Valentine, Jr., were taken into
the contracting firm of their father,
\'alcntine Jobst, which then became \".
Jobst and Sons. They erected many of
the larger buildings in Peoria throughout
the state, including the Hotel Pere Mar-
quette, Jefferson hotel, Scottish Rife
Cathedral, Oakford and Fahnstock ware-
house. Commercial Merchants National
Bank and Trust company, and others in
Champaign, Springfield, Pekin, (Jales-
burg, Jacksonville, Davenport, Inwa, and
Wichita. Kansas.
He was a 33rd degree Mason, a director
of the Peoria An institute, trustee of
Hradley institute, and a member of vari-
ous philanthropic hoards, a director and
official of the C\)mmercial Merchants
National Bank and Trust company, .Allied
Mills company, Peoria Terminal railroad,
Central Illinois Light company, Avery
Power and Machinery company, and the
Journal-Tran.uripl company, was one of
the organizers of the .American Milling
company, and a director of the Chicago,
Rock Island and Pacific Railroad.
W. 1.. V.i;\, m.e. '94, is with the firm of
W. and L. E. Gurley, of Troy, New
^'ork, manufacturers of surveying instru-
ments. He formerly was employed at the
Pittsburgh station of the United States
Bureau of Mines.
Recent promotions of members of the
faculty of the College of Engineering in-
clude that of T. E. O'DoNNELL, arch. '13,
to be associate professor of architecture,
C. C. WiLEv, c.e. '04, and T. C. Shedd,
c.e. '25, associate professors of civil en-
gineering, J. O. Kraehenbuehi,, e.e. '26,
assistant professor of electrical engineer-
ing, W. N. Espy, m.e. '27, assistant pro-
fessor in mechanical engineering, and N.
E. Ensign, m.e. '11, and W. J. Putnam,
m.e. '10, associate professors in theoretical
and applied mechanics.
Albert J. Harris, e.e. '08, is division
engineer for the Pacific Telephone and
Telegraph company, 140 New Mont-
gomery, San Francisco.
Ci.A-sTON S. Nichols, c.e. '20, is as
sistant manager of the Concrete Engineer
ing company, Omaha, Nebraska.
TuRNEV E. Buck, m.e. '06, chief en-
gineer for Armour and Company, Chi-
cago, has been for the last twelve years
a designer and builder of steel mills.
Ira W. Fisk, m.e. '09, of the firm of
Fisk and Roberts, consulting engineers, 82
Beaver street. New York, has been re-
tained by the public service commission
of the state of New Jersey to make an
appraisal of the bus equipment of the
Public Service Co-ordinated Transport of
New Jersey. This company, \vhich runs
2 300 buses, probably is the largest opera-
tor in the United States, if not the world.
E. S. Pewkraker, rv.e. '10, is principal
assistant engineer with the Texas antl
Pacific railway and is located at Dallas,
Texas.
William M. Willett, e.e. '97, is
general manager for the Western United
Electric company, .'\urora, Illinois.
Benjamin A. Brackexbi'rv, ry.e '10, is
now a major in the chemical warfare de-
partment. He specialized in railroad en-
gineering after graduation but later did
municipal work at Spokane, Washington.
He worked on public service and railroad
commissions until the war.
Commissioned as a captain of engineers
and sent to France, he took part in some
of the maior actions about Belleau Wood,
San Mihiel, and the .'\rgonne. .'\fter the
armistice, he was with the Rhine occupa-
tion army and at the U. S. .^rmy uni-
versity.
After returning to the United States,
he \vent back into civil work, but in 1920
he was commissioned major in the chem-
ical warfare service. He is chemical war-
fare officer for the Hawaiian department
and is stationed at the headquarters at
Honolulu.
-Additional information has been ob-
tained in regard to Peier Junkersfield,
e.e. '95, nationally known engineer of New-
York, whose death was recorded in the
May issue of Tcdinograph. Starting in
with the Edison interests he was suc-
cessively, machinists' helper, relief engine
oiler, dynamo tender, switchboard opera-
tor, draughtsman, assistant mechanical en-
gineer, head of the engineering depart-
ment, electrical engineer, and assistant
vice-president in charge of contract,
operating, construction, and electrical de-
partments. He aided in installing and
operating the first rotary convertor to be
used in the Chicago system.
In 1899 he supervised the design and
installation of what is belie\'ed to ha\'e
been the first four-wire, three-phase,
sixty-cycle system for primary distribu-
tion in this country at the 56th street
Hyde Park stations of the Chicago Edison
company in 1900, the first three-phase
line in Central station service to power
customers in Chicago, from the Lake
View station; in 1901 what is thought
to have been the first double current en-
gine driven 25-cycle three-phase alterna-
tor for supplying current for elevated
railway service from a lighting system.
In 1902-3 he had charge of the electrical
design and general construction details for
the Chicago Edison, of three 5000 K. W.
Curtis Steam Turbo Generating units for
the Fisk street station, then the largest of
their type, one of which is now preserved
at the General Electric Schenectady works
as a treasured relic.
On leave from Chicago, Junkersfield
spent two months of 1903 at St. Louis,
in an advisory capacity, for the Union
Electric Light and Power company..
Junkn-sjicld Bratkcnhury
Junkersfield was the author of many
technical papers, amongst them his
"Multiple vs. Independent Operation of
Power Plants" in 1901, "Periodic Inspec-
tion of Steam Turbines" in 1907, "Effect
of Load Factor on Steam Station costs" in
1921, "Obsolescence as a Factor in Design
of Steam Generating Stations" in* 1923,
and "General Review of Current Practice
in Steam (Jenerating Stations" in 1924,
the last mentioned having been presented
before the First World Power conference
at London, England,
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JoEi. R. Sayler, m.e. '97, of Scranton,
Pennsylvania, dropped dead May 21, at
the eleventh tee of the Irem Temple
country club, near Wilkes-Barre. His
death was due to a heart attack, brought
on by climbing a steep hill to tenth hole.
Born on July 5, 1S69, at Yuba, Michigan,
he attended local schools and the Travers
City high school. He worked fty the Chi-
cago and Alton railroad, the Allis
Chalmers company, and from 1901 until
his retirement recently was a mining en-
gineer for the Hudson coal company of
Scranton.
H. B. WniTNEv, c.e. '20, recently was
appointed division traffic superintendent
in Maryland for the Chesapeake and
Potomac Telephone company, in which
capacity he has charge of all the traffic
work of the firm outside of Baltimore.
He began telephone work in 1924, was
soon made traffic inspector, and was ap-
pointed traffic superintendent at Wash-
ington in 1926. He went to Roanoke,
Virginia, in 1928 as traffic superintendent
and later to Richmond as local traffic
supervisor.
Fred A. Lorenz, m.e. '09, is the general
manager of the American Steel Foundries.
He started with Chicago and North-
western railroad and his first job with
his present company was that of assistant
to the fourth vice-president. He is active
in club and community affairs in Chicago
and holds a major's commission in the
armv.
B. B. Seymour, min.e. '21, is connected
with the Franklin County Mining com-
pany, Benton, Illinois.
Ernest R. Troche, m.e. '25, is with
Western Electric and is located at Balti-
more, Ohio.
iniliam Hubbard
Wii-i.iAM Hubbard, e.e. '72, died May
22 at Elgin at the age of eighty. He was
the first electrical engineering student in
the I'nivcrsity. He was a pioneer in the
telephone field and in recent years had
shown an e.\hibit of early telephone
equipment throughout the country. Re-
cently he had become interested in radio.
He was an enthusiastic amateur photogra-
pher. Upon leaving the I'niversity, he
became the first telegraph operator in
Oreelev, Colorado.
Randolph EiJe
Randolph Eide, e.e. '10, was recently
elected president of the Ohio Bell Tele-
phone company. He had been for two
years vice-president in charge of opera-
tions, and before that was general man-
ager, general traffic superintendent. He
began in telephone business a year after
he graduated as a traffic student with the
New York Telephone company. He fol-
lowed this with various jobs with the
Southern Bell, St. Louis, and Michigan
Bell, Detroit, before going to Ohio. In
May, 1917, he became general traffic
superintendent for the former Central
I'nion at Columbus.
A. S. (iRAVEN, arch. '17, was the de-
signer of the new Minnesota theater at
Minneapolis. Others of his design include
the Fisher theater of Detroit and the
Tennessee of Knoxville. He has also
planned some general office buildings of
which 100 North I.aSalle, Chicago, in
which he has his office, is an example.
.\fter leaving the I'niversity he spent
two years in the navy, and then went
to work for the L. E. Rogers Engineering
company at Chicago. He was with Mar-
shall and Fox, architects, for a time.
After some experience with C. W. and
C;. L. Rapp, arch .'99, noted theater archi-
tects, he formed his own firm.
Joseph T. Gt.eick, e.e. '23, is now at
the Hawthorne works of Western Electric
as an engineer in the cost reduction
division. Before coming to Chicago, he
had been with the Curtiss-Robcrtson Air-
plane Manufacturing company, near St.
I-ouis.
Beriram James CiRIGsbv, e.e. '08, is the
head of CJrigsby-tJrunow, makers of the
Majestic radio. The Cfrigsby-Grunow
company began in 1921 with a $37,500
capital and the detennination to "manu-
facture something," says an article in
Forlunf. The firm was first known as
Grigsby-(irunow-Hinds, and included
Cirigsby's younger brother, but the latter
and Hinds withdrew when the company
was a million dollars in debt, following
the over-production of automobile sun-
visors. The resourceful (jrigsby and
(jrunow melted them up into radio horns
and so their first venture in radio began.
These horns went well until superseded
by cones. Then for some time the com-
pany manufactured a B-eliminator for
radio sets, many of which are still in use.
In 1927 radio manufacturers began
building eliminators and speakers into
their sets and the market for "Majestic B"
dwindled. Then the firm decided to build
their own complete radio set, eliminator
and all, and from that time the CJrigsby-
(Jrunow company has grown and pros-
pered. Of course, there have been inter-
ruptions. A bad fire almost cleaned the
business out just at its peak of production,
when the 12,700 employees were turning
out 6,000 sets a day. The market crash
last fall brought down the stock from
$1 100 a share to $250—however it was
only worth $25 in 1927.
(Irunow is the "explosive profane
driver," the Fortune says, "posting pla-
cards, 'Don't Begin to Think You're
CJooJ,' pushing production to above 6,000
sets a day."
Grigsby, "slight uncommunicative
financier with a leathery face, deeply
lined, and a bald dome of a head, leaves
all ferment to his partner. In the Grigs-
by-Cirunow company he devotes himself
to finances." He came to the University
from Peoria and he now lives in Park
Ridge near Chicago.
E. E. Barreit, m.e. '93, was one of the
men which the Alumni association recom-
mended to the Republican convention for
nomination for University trustee. He is
president of the Roberts and Schaefer
company, manufacturers of coal-handling
machinery. He was formerly president of
the .\lumni association.
E. E. Barrel!
The Kawneer company, of which F. J.
Pi.YM, arch. '97, is president, recently pur-
chased the Zouri Drawn Metals company
which has a large plant in Chicago
Heights, making drawn moldings of every
description, and also bought out the Adel-
bert Coleman plant in Chicago, making
the Kawneer organization able to produce
materials in rolled, extruded, or bronze
metal. The Coleman plant, one of the
largest of its kind in the country,
furnished the bronze work for the Stevens
hotel. Continental Bank building. Union
station, Wrigley building, and others.
26 THE TECHNOCRAPH October. 1930
Frederick K. \'i.\i., m.e. '85, vice-
president and chief ciiKineer of the
(iriffin Wheel company, with offices in
the WriKley IniildinK, Chicago, was the
subject of an article in the Grifjin-liulli-
tin for December, 1928. It reads as fol-
lows:
"Many Griffin men have watched with
interest the marvelous development of the
Griffin Wheel company, not only in
product, but likewise in the manufacture
of it.
"When we pause to reflect and ask
ourselves were all these improvements the
collective results of many minds or were
they the product of a genius in engineer-
ing and metallurgy, we find that many
in our organization have, of course, had a
part in our development. There is no one
person, however, in the (Iriffin organiza-
tion who individually has created more
for the bettering of our product, working
methods, and the simplifying of processes
than our vice-president and chief en-
gineer, Frederick K. \'ial.
"Born on a farm in Lyonsville, Cook
county, Illinois, in 1864, Vial, after
graduating from the Tniversity of Illi-
nois, was successively employed by the
Atchison, Topeka and Santa Fc Railway,
the Chicago and Alton, and the Chicago
and Western Indiana. He was made me-
chanical engineer for the Ajax Froge
company in 1900, and two years later,
June 1, 1902, began his service with the
CIriffin Wheel company as mechanical en-
gineer with the improvement department,
being later appointed consulting engineer,
then chief engineer in charge of manu-
facturing. On February 5, 1917, Vial was
elected a director, and on June 22, 1917,
vice-president.
"Outstanding among his accomplish-
ments in car wheel manufacturing are:
The sand blast cleaner, rotation pitting,
chill rim and back of flange, arch plate
wheel, reinforced flange, molding ma-
chines, mechanical molding equipment,
single plate wheel, sulphur control, hot
blast cupola.
"He is a recognized authority on car
wheels and their relation to service,
having given in his lectures, papers, and
books, invaluable scientific data relative
to the manufacture and design of car
wheels.
"Vial was the first one to develop
scientific formulas for the designing of
chilled iron car wheels to meet given
service conditions. His leadership is
recognized throughout America and
Europe. In recognition of his services the
European chilled iron industry presented
Vial with a medal of special design
especially inscribed tn him.
"Doing the thing that cannot be done
is a specialty with our amiable vice-presi-
dent; the development and construction of
the hot blast cupola is a pertinent example
of this. For many years everyone knew
that the hot blast method of melting with
the consequent saving in fuel could not
be applied to a cupola. Then Vial worked
out a plan of using waste cupola gases for
preheating the blast, built a cupola and
operated it successfully, obtaining 20 per
cent to 30 per cent saving in fuel. After a
representative of the Patent Office at
Washington, who was positive the plan
proposed would not work out off paper,
actually saw the cupola in operation and
the resultant saving as claimed, basic
patents covering this valuable invention
were issued.
"Vial has lived at LaGrange, Illinois,
or its vicinity during his entire life, and
in April of this year completed twelve
years of service as president of the board
of education, Lyons Township High
school district. To the community of
which he has for years been an honored
citizen he gave that same (juality of
sterling service that characterizes his
record \vith our company, resulting in the
building, c()uiping and maiming of a high
school capable of taking care of the needs
of a rapidly grawing community for
many years to come, without any ap-
preciable increase in the taxable cost to
the community.
"To you, Mr. Vial, we offer our con-
gratulations on your record of noble and
distinguished service to our company,
your community and mankind, and be-
speak for you many, many years of happy
association together."
F. K. rial Thomas Crawford
Thomas Craw ford, e.e. '94, died Tues-
day, .\pril 29, at his home in Clinton,
Iowa, following more than a year of
gradually declining health.
He was born in Sterling, Illinois, No-
vember 18, 1872. Immediately after his
graduation, he became superintendent of
the Sterling Gas and Electric Light com-
pany; in 1905 he became manager of the
Clinton, Iowa, Gas and Electric company,
and later general manager of the Inter-
state Power company's Clinton plant,
which he continued to serve in an ad-
visory capacity for a year after his fail-
ing health necessitated his resignation.
He was a member of the Iowa Electric
association and of the Iowa Gas associa-
tion, both of which he had served as
president. He also served as president of
the Clinton Chamber of Commerce and
the Clinton Rotary club.
As a director of two of the banks of
Clinton and in other capacities he played
an important part in the business life of
the community. He was also vice-presi-
dent of the Maquoketa Light and Heat
company, of which his brother, Elmer,
was manager.
During his University life he was presi-
dent of his class in his junior year and
was a member of Sigma Chi, in the first
group after the ban on fraternities was
removed in 1893.
John F. Fisher, c.e. '90, is the senior
partner of the firm of Fisher and Mc-
Cann, located at 207-209 Dale building,
Danville. Illinois.
B. V. SwENSON, e.e. '93, special repre-
sentative for Barron G. Collier, Inc., in
electric-car advertising, is the author of
a number of books and reports on various
kinds of electric testing, including a two-
volume treatise, "Testing of Electro-Mag-
netic Machinery." He was also editor of
the five-year reports of the American
Electric Railway association. He lives in
New York city at the Engineers' club, 32
West 40th street.
Fr.wk W. Woeltge, e.e. '26, is with
the Burlington railroad with offices in the
Federal Commerce Trust building, St.
Louis, Missouri.
D. P. Ayres, arch. '29, has been named
winner of the seventeenth annual compe-
tition for the Francis J. Plym fellowship
in architecture, providing study and
travel abroad. Ihe subject for the com-
petition was "a building for the exhibi-
tion of industrial arts."
L. G. kEUTWll.ER, m.e. '29, son of Pro-
fessor O. A. Leutwiler, m.e. '99, is with
the Barber-Greene company of Aurora,
manufacturers of material handling equip-
ment.
John Fremont Moore, arch. '77, died
March 30 at his home in Hood River,
Oregon. He was born June 30, 1854, in
Davenport, Iowa, and was educated in the
schools of that city. Most of his life was
spent doing architectural work in Minne-
apolis, Dubuque, Iowa, and Los Angeles.
In 1908 he went to Oregon with his
sister and husband, Mr. and Mrs. H. C.
Evans, and spent the remaining years on
a fruit ranch.
Chari.es H. Nicolet, c.e. '81, has re-
tired from the practice of engineering, but
continues to live in LaSalle, Illinois.
Howard Cheney, arch. '12, was re-
elected president of the Chicago chapter
of the xAmerican Institute of Architects
at the annual meeting of the organization
held at the Cliff Dwellers' club.
LoN Green, Jr., m.e. '12, is president
of the Accoustical Construction corpora-
tion, 369 Lexington avenue. New York
Erwix M. Lurie, c.e. '14, assistant to
the commissioner of the Associated Metal
Lath Manufacturers, Chicago, has been
on a lecture tour of all the important
cities on the Atlantic coast as far north
as Boston, and later all the important
lake cities. He has just finished "The
Partition Handbook," which has an ex-
cellent chapter on sound proofing and ac-
coustics.
S. I. Rottm.ayer, m.e. '26, is secretary
of the '26 m.e.'s and editor of their class
news letter. He is now with Samuel R.
Lewis, Chicago, consulting mechanical en-
gineer.
William H. Wehmeier, e.e. '04, is
supervising engineer for the Pacific Tele-
phone and Telegraph plant at Seattle,
Washington.
William H. Eiker, c.e. '06, is a civil
engineer with the Chicago, Burlington,
and Quincy railroad, located at Lincoln,
Nebraska.
Ernest Stone, e.e. '25, is assistant
superintendent of the electric meter de-
partment of the Central Illinois Light and
Power company, Peoria.
Alfred W. Sikes, e.e. '26, of the
Western Electric company, has been
elected to the executive committee of the
Chicago chapter of the American Society
for Steel Treating for the year 1930-31.
Frank W. Lauder, min.e. '28, is an as-
sistant mining engineer with the Madison
Coal corporation, Edwardsville, Illinois.
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Rate of Heat Transfer
(Continued from Page 16)
of test data, this gave the total losses in an approximate
way, and the efficiency then being known, the correction
factor to be used on the coal rate was taken from the
chart. In this way the fuel consumption was more ac-
curately determined than would otherwise have been
possible. From this figure and the pounds of gas per
pound of coal the average weight of gases traveling
through each tube was obtained.
The expression used for the rate of heat transfer in
the tubes is ordinarily derived by equating the weight of
gas per unit time times the specific heat times ^/O (the
change in temperature of the gases) to the weight of the
gas per unit time times the conductivity times 6 (which
is Tg—T„ ) times the surface dx, which is exposed to the
gases. Stated in differential form and taken between
limits we then have
which gives
log fi.,— log %^=Cx.
But conductivity, specific heat, etc., do not vary directly
as 6 or d6, as is commonly assumed, and the rate of
change may be expressed more approximately correct by
de
i. e., changes directly with the drop in temperature and
indirectly with the range of temperature so that we have
0=6' {log T^-log 7'„.).
From these two expressions the following equation is de-
rived :
log log (T,/T^.)—log log (rjT„)=Mx.
where Tj is the temperature of the gases entering the
tubes, T^ is the exit temperature, Tw is the wall tempera-
ture which was not measured, but taken for a steam
temperature of 212° F. as 215° F. throughout all calcu-
lations, X is the length of tube in feet, and M is the co-
efficient of heat transfer. Curve V (d) shows the equa-
tion plotted to give a curv'e for each value of M.
The value of M depends on a number of changes in
the properties of the gas and on the conductivity of the
metal and films expressed in terms of length, tempera-
ture and flow. The common assumption that these prop-
erties change as changes is corrected by making the
above substitution for 0, that is, a quantity which ex-
presses the change in the properties with the changes in
the condition of both walls and gas more closely than the
value of derived by subtracting the wall temperature
from the gas temperature.
The use of this form of calculation simplifies the
method, but can be favorably compared to results ob-
tained by formulae of the type
hd/k=^C, [dvC/u]' [u(:t>/kY
in which the quantities that vary with T are substituted
for T, and the actual relation of values of the gas prop-
erties used to determine numbers similar to our values
of M.
Formulae of the type shown above are useful to corre-
late data in determining the critical velocity where turbu-
lent instead of streamline flow may occur as will be
sliown a little later.
Values of M based on the temperature drop through
the tubes were plotted against the computed rates of flow
already determined, and the two curves V (a) and V
(b) obtained. In order to determine a possible basis of
comparison between the 2" and 3" tubes, curves based
on the former were drawn to show flow per square inch
of area, flow per inch of perimeter, and flow per inch
of hydraulic radius. These curves are designated W A,
\\' P, and WP/A, respectively. These curves were re-
pioduced on Curve V (b), and then curves for flow in
tlie 3" tubes drawn with them as a basis. The best com-
parison seems to be that based on cross sectional area.
It may be noted for the 3" tubes that the curves W/A,
and WP A are identical when they are based on the
same curve ; the coincidence of the two may be proved
algebraically also.
Although a single curve had been used to satisfy the
plotted values of M and W, it was found that when
plotted on logarithmic paper (Curve V (c) ) two
straight intersecting lines were necessary. The lower
line represents a condition of stream line flow of the
gases, the upper line, a turbulent flow, and between the
Cur-ve lb
two is a critical region where both conditions may exist.
This is a common phenomena in the flow of fluids, both
liquid and gaseous, and the indication of this critical
point in our data compares with that found with the
type of formula mentioned previously. Calcidated ac-
cording to Cox (A. S. M. E. Transactions, 1928) the
critical point occurs when WF/1226 d=12.3 to 40,
where W is the weight of fluid per hour, F, the fluidity,
(Continued on Page 31)
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I'rD^rani Transmission Cable
Circuit
The August 1930 issue of the JduiikiI
of the Amrcican Institute of r.lectrieal
Engineers tells us that telephone circuits
arc now widely used for chain broadcast-
ing. The whole nation can listen simul-
taneously to a single program hy this
means. Approximately 35,000 miles of
telephone circuits arc used in the system
and about 150 broadcasting stations can
receive programs from several chains of
wire circuits. Most of the service is now
being supplied through open wires which
use voice-frec|uency channels. The open
wire routes are rapidly being supplanted
by the long distance cable routes, especial-
ly those with heavy traffic. The article
states, "Because of the special character-
istics which program transmission circuits
must possess, it was necessary to develop
an entirely new type of cable circuit in
which the method of placing the wires in
the cables, the type of loading and all of
the apparatus including amplifiers and
distortion correcting apparatus for both
amplitude and delay, differ radically
from other cable circuits. The develop-
ment was recently completed and a trial
installation made in which wires were
looped back and forth in the cables be-
tween New York and Pittsburgh, so as to
produce a circuit 2,200 miles in length.
Tests were made on this circuit over a
period of several months, and very satis-
factory results , were obtained. It is
planned, therefore, to make extensive ap-
plication of this system, and eventually
program circuits may be provided in cable
over practically all of the long toll cable
routes."
No distortion should occur in program
material which is transmitted any dis-
tance. The program as heard from the
loudspeaker should coincide with that
heard by a direct listener. This means
that program pick up apparatus, radio
transmitters, radio receivers or loud-
speakers should be such as to produce
that end. In order to have no distortion,
frequencies from 20 to 20,000 cycles and
ver\' wide power ranges would have to be
handled properly. This ideal is not met
by the radio art, however. Therefore, ex-
pensive transmission lines would not be in
keeping with the rest of the system. If
the broadcasting art improves in the
future as it has in the past, this fact must
be taken into account in developing
transmission lines. The article asserts,
"These general considerations have led to
the adoption of the following as practical
standards of performance for the new
cable system: (1) Frequency range to be
transmitted without material distortion
—
from about 50 to 8,000 cycles and (2)
Volume range to be transmited without
material interference from extraneous line
noise—about +Odb., which corresponds to
an energy range of 10,000 to 1."
Some experiments were carried on in
which, first, nearly all the frequency
range was transmitted and, second, lilters
were used to cut off either the high or low
fre(|uencies. Cutting off fre(|ueiicies of 50
cycles or less loses very little in audibility.
Hissing sounds as well as percussion or
jingling sounds were most affected by
cutting off the high fre(|uencies. Very
good results are obtained \vith frequencies
from 50 to 8,000 cycles in broadcasting a
band. Different frequencies within the
band should not be affected by attenua-
tions differing more than 5db. correspond-
ing to differences in power of about three-
fold. Tests have showed that the lower
frequencies suffer the greater envelope
delay.
X'olume ranges greater than 100 db.
corresponding to a power range of ten
billion to one are heard by the human
ear. The volume range should be such
to eliminate cross-talk from other circuits,
to keep non-linear distortion and noise
within limits, to keep within the limits of
the radio transmitter and to be in keep-
ing with the room of average size in a
home. A volume of 40db. seems satis-
factory to nearly everybody except those
who like to listen to symphony orchestras
and the like.
Railway Grade Crossing Safety
The August 1930 issue of Roads and
Streets tells us that unless the tracks are
clear and unobstructed for at least 400
feet in both directions, automobiles should
be driven at a speed 15 miles an hour or
less as defined by the Third National
Conference on Street and Highway
Safety. The conference pointed out that
the number of new grade crossings is ex-
ceeding the number of those eliminated.
Elimination of grade crossings by reloca-
tion of highway or railroad, or by grade
separation should be gotten under way.
The conference recommended that each
crossing be provided with standard fixed
signs as follows: first, an advance sign
at each highway approach in addition to
road markings where advisable; second, a
25- or 15-mile speed sign,, or stop sign,
if necessary; and third, a standard cross-
buck sign at all crossings indicating the
number of tracks in the case of multiple
tracks.
There are 240,000 grade crossings in
the United States and of these, 205,933
are protected by fixed signs; 5,707 have
crossing gates; 7,297 are provided with
crossing watchmen ; 8,004 have visible
and audible signals; 3,63 5 have visible
signals oidy; 4,572 have audible signals
onlv, aiul 4,941 have no signs or markings
at all.
At crossings where trains cross at fre-
(|uent intervals the warnings should con-
sist of: automatic train approach signals
of cither the wig-wag or flashing light
t\pc, or manuall\* controlled gates, signals
ol watchmen where frequent switching
movements occur.
Moving a 6,000-Ton Stone
Building
It was a difficult job to move the old
four-story granite-block .Mlegheny Countv
morgue building according to an article
in the .August 7, 1930 issue of Engineer-
ing News-Record. The routine business
of the morgue was not interrupted once
throughout the entire job. All utilities,
such as water, gas, plumbing and tele-
phone, were maintained. The outside
dimensions of the building are 75x110
feet. Twelve-inch I-beams in groups of
three placed on 30-inch centers formed a
grillage under the main floor. The beams
were lapped by. Short I-beams supported
the high and heavy walls. Eight extra-
heavy 12-inch H-beams ran perpendicular
to the I-beams and served as main sup-
porting girders. Because of limited
clearance on two sides, the transverse
I-beams acted as centilevers to support
the heavy outside walls. Holes had to
be cut through the granite walls to insert
the beams. A current process has been
found in cutting slag in the steel mills
near Pittsburgh. An oxyacetylene torch
and oxygen lance were used to burn holes
in the granite blocks instead of the usual
method of drilling or punching. The
article states, "The method of burning
out the holes in granite is as follows: a
hole 3 inches in diameter was burned
by the oxyacetylene torch into the granite
to a depth of 4 inches. \n oxygen lance
was then used to complete the hole
through the remainder of the wall. This
lance was a ^s-inch wrought-iron pipe 10
feet long. One end of the pipe was in-
serted in the hole and the other connected
to a tank of oxygen. The end in the hole
was heated to its melting point by the
torch, and o.xygen was then fed through
the lance at 35 pound pressure. The iron
of the lance and the granite fluxed and
a steady stream of molten stone and iron
flowed out until the hole was completely
burned through. A series of holes on 6-
to 8-inch centers was burned through the
granite block for each beam opening and
steel wedges and hand sledges were used
to chip out the granite between the holes.
In the burning of each hole about 8 feet
of the 10-foot iron pipe was melted."
The building was raised by means of
hand-operated screw jacks of 50-ton
cap.icity which were supported on crib-
bing made of 6x8x40-inch wooden blocks.
Eight rows of jacks with 145 in each row
at 10-inch centers were used to raise the
building. Twenty jacks were under the
care of one man and when the signal was
given two men would start at the same
point and work away from each other
giving each jack a quarter-turn. When
they reached the twentieth jack they
would work toward each other, giving
each jack another (luarter-turn. The
building was thus raised 5/16 inch and
the whole process was again carried out
after a rest period.
(Continued on Pai/i- i4j
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STEPPING—FNTO \ MODERN WORLD
A group attack on the "X" of industry
Research, finding answers to the eternal
X = ?, keeps step in the Bell System with
the new industrial viewpoint.
The joy in working out studies in de-
velopment is shared by many. Results are
reached by group effort. Striving to-
gether, the mature engineer and his
younger assistants, each contributes to
the final solution of the problem.
Men nf the Bell Telephone Labora-
tories are sharing in useful, interesting
research. Thej^are getting valuable train-
ing in the modern strategy of organization
attack.
And because that strategy assures them
the aid of men and material resources,
they are actually turning some of their
vision into fact.
BELL SYSTEM
A NATION WIDK SVSTKM OK MOKK THAN .'0,000,(10(1 IN TKK-l (INNIU TIN<; TKI-KI'IIONE
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(jround C^mtrol of Aerial Map
(Conlimiid from Patjc S)
Straight traversing. There were three chief methods
iiscii, with main variations and comhinations, exphiiia-
tions of which follow:
The method which required the least field work was
the "three point" method. In figure 2, left, P represents
the location of the transit. A, H, and C are triangula-
tion stations whose flags are visible from P. If the three
angles about P are known, the location of P with respect
to the three points can be computed. The only field
work necessary is to measure the three angles, A to B,
H to C, and C to A. These angles were repeated three
times clockwise and three counter-clockwise with the tcle-
.scope reversed, and a maximum horizon closure error ot
10 seconds was allowed. By setting zero on one of the
stations, reading the azimuth to the control point itself
if the instrument were not set up exactly on the point,
and chaining the distance from the instrument to the
point, enough data had been taken to calculate the exact
location. In many cases flags were placed over some
three-point locations, where they were visible from points
yet to be run. These flags then served as triangulatioii
stations whose locations were definitely known, and the\'
could be used as readily as regulation stations in future
work. Frequently before starting a line we located and
flagged two or three good three-points and used them
in almost all the control point location on that line.
In case it was not possible to see three stations be-
cause of timber or intervening higher hills, but two
stations could be seen, the work was equally as easy but
required two set->ips. In figure 2, center, X is the transit
location and D and E two inter\isible triangulation
stations which can also be seen from X. The instrument
is set up at X and the angle DE read, six times up and
six back. Zero is set on D and the azimuth and distance
to the control point read. Then a flag is erected at X
such that it can be seen from either D or E. This means
that the entire mast at one station must be visible from
X in order that the back shot toward X can be made. If
both D and E are barely visible over trees as is often the
case, the two-point is not possible without a lot of slow
painful axe work on some very hard trees, most of which
arc white oak. However, if one station, say D, is in the
clear, the instrument is set up there and the angle E to X
is read. From this data X can be located.
If only one point is visible a base line is laid off. In
figure 2, right, F is the only triangulation point visible
from Y, a control point. G is another station visible
from F but not from Y. Another point Z is located
which is visible from Y and from which F can be seen.
The distance YZ is chained and the two angles FYZ and
FZY are measured. Y and Z are flagged and from F the
angle ZY is read, closing the triangle, then the angle
GFZ, to orient the triangle properly. This completes the
data necessary.
Of course there are variations of these methods. In
many cases it is necessary to run a traverse, starting per-
haps off a three-point location and closing on another
three-point or a two-point, or perhaps on the starting
point. In several cases where the line of points ran
several miles back of the bluffs auxiliary points were
located on high hills and flagged for use in later three-
points or two-points. Several unusual situations and the
methods we used are given.
Figure 3 is a sketch of a vicinity east of Lexington,
Missouri. The control point we wanted was the Mis-
souri Pacific bridge over a small creek which wandered
down an opening between high timbered bluffs and
emptied into the Alissouri. The only possibilities were
tile triangulation stations Country Club and Sheep's
Nose. Both were completely blocked off by timber along
the railroad track and by high projecting bluffs. Across
the river was a sand bar accretion caused by a system of
dikes that we remembered seeing from Country Club.
On the map we saw that a road was shown winding
down to the river bank through the willows. So we set
a flag at X28-13A on the right bank, from which we
co\dd see the control point 28-13, then drove across the
bridge at Lexington and found the road down to our
sand bar. There it was easy to pick two points from
which both Sheep's Nose and Country Club were visible.
At each of these two points the angle between the tri-
angulation stations was read, and then the angle in the
small triangle composed of the points on the sand bar
and the flag on the opposite bank. This triangle was
later closed by setting up at X28-13A and reading the
angle between the points on the bar. An azimuth and
distance to the control point completed the work there
and left only a set-up at Country Club to complete the
necessary data for locating the points on the bar.
One of the other parties under Bill Harris, chief of
party, ran into the situation shown in figure 4. The
Crooked Ri\er is a little stream which empties into the
Missouri a few miles east of Lexington, Missouri. Its
banks are heavily wooded, and as the sketch indicates the
river is well named. Harris had a line to run up a road
which followed Crooked River valley. On each side of
the river was a high nose of bluffs which completely shut
off any view of the Missouri valley. These two noses
were each higher than any of the hills back of them so
that it did no good to try to see over them. Harris
noticed that a point on the east nose was visible from a
large portion of the line he was to work, and that a tall
water tower in the town of Richmond, Missouri, was also
visible from many points. So he found a three-point
location on the nose as indicated, had the location of the
Richmond water tower determined by cutting it in from
three triangulating stations, and then used these two
points for two-pointing. By setting up an^-where in the
valley and reading the angle between the three-point,
which was of course flagged, and the water tower, then
setting up at the three-point and measuring the angle be-
tween the water tower and the original transit location
which was also flagged, the latter location was definitely
determined. Harris used this system for almost all his
control points in the several miles he ran the line.
A combination of several of the fundamental systems
is shown in figure 5. On a line about two miles north
of Hardin, Missouri, we found that we simply couldn't
see a thing when we got to a point about a mile and a
half south of the bluffs. High timber and the low land
we were surveying blocked off all the stations nearby.
By climbing a Bare hill on the first line of bluffs we
managed to find a three-point, using Country Club,
Sheep's Nose and the water tower at Norborne, Missouri.
Then we set two flags at the points marked X28-70A
and X28-70B on a road south of the bluffs. Each of the
three stations in the triangle X28-70A, X28-70B, 28-70X
was occupied and the angle between the other two was
measured. When set up at the three-point the angle be-
tween Sheep's Nose and X28-70A was read to orient the
triangle. Control point 28-64 was shot in from the in-
strument set-up at X28-70A. The base line was
measured and the points of the triangle were all located.
Then a traverse was run from X28-70B closing on the
three-point, carrying azimuth. At the first set-up zero
was set on 28-70X. When the instrument was at 28-70X
in order to check the accuracy of the azimuth as carried
from hub to hub, the back sight on X28-70B should have
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read and did read 180 degrees, showing that no error in
azimuth existed. From two of the hubs on the traverse
side shots were taken to locate control points. Altogether
tour points were located from this little net. Later we
were instructed to continue this line three miles north of
the bluffs, and we were able to use the flag at 28-70X
as one of the three stations in several three-points.
Rate of Heat Transfer
(Conlinui'd from Page 27)
which the Smithsonian Tables give as 2750 for average
values at our temperatures and gas compositions, and d
is the diameter in inches. Limits calculated thus are
shown on Curve V (c), and check favorably with our
data. One of the logarithmic curves has been reproduced
on Curve V (a) for comparison with the original curve.
On Curve V (d) will be noted some very preliminary
values of M and W. which are, however, obsolete in
light of the more complete data.
On Curve VI (a) firebox temperatures have been
plotted against the rate of energy liberation per cubic
foot of firebox volume. The temperatures, however, are
for various amounts of CO.j, or flows of gas, and it was
desired to place all temperatures on a standard basis of
flow in order to obtain comparable data. The basis as-
sumed was 16.6 pounds of gas per pound of fuel, which
corresponds to approximately 12% CO.^ by volume.
Table V shows the manner of correcting the firebox
temperatures for the dilution of the products of com-
bustion by aid entering the furnace o\er the fire. With
the slots in the door closed the firebox temperature and
percent COj is recorded. Using a specific heat of .242
the heat content per pound of gas above 60° F. is com-
puted. Then with slots open the firebox temperature
and percent CO^ is again recorded, and the heat content
per pound of gas above 60° F. computed. The difference
in the weight of gas per pound of fuel, figured from the
percent CO^ in each case, is the weight of air diluting
the products of combustion, and its heat content is con-
sidered to be zero. The total heat content of the gas
per pound of fuel with slots closed is then computed,
and since the diluting air has added no heat, and the
rate of energy liberation is the same the heat content of
the diluted gas per pound of fuel is the same as that of
the undiluted. Hence, this total heat content is now dis-
tributed over a greater amount of gas, and the heat con-
tent above 60° F. of a pound of the diluted gas may be
calculated. If this is divided by the specific heat .242
the result will be the temperature above 60° F., thus
determining the firebox temperature which would be ex-
pected with the recorded amount of dilution. This
temperature should, and does rather closely, check the
measured firebox temperature. This process of correc-
tion may be reduced to the following simple formula,
which corrects to the standard of approximately 12%
CO..
T'=(T—60) W/ 16.6—60
where T' is the corrected temperature, T, the measured
temperature, and W, the weight of gas per pound of
fuel at the recorded percent CO.^. This formula was
used to correct all firebox temperatures, and the Curve
VI (f) shows the same results corrected to the standard
basis, and a proposed curve drawn which seems to fit
our data well. Curve VI (g) shows a few gas and oil
results, which shows firebox temperatures with oil to be
consistently higher, probably due to the fact that the
smaller, more compact, flame in the type of burner used
gave less radiant heat to the walls of the firebox, aiicl
thus, necessarily, inore heat transfer in the tubes. This
also implies more heat transfer by convection to the heat-
ing surface in the firebo.<. This relationship at various
ratings, and as the percent of excess air is varied for a
constant rate of burning gas or oil, has been observed in
these tests.
In this work only the curves have been di.scussed
;
the curves have been given this preference because they
constitute a graphical representation of the complete data,
whereas the tables have been limited necessarily to a few
typical determinations to show the inanner of calcula-
tion and tabulation. In the last table have been calcu-
lated the probable stack temperatures of the rest of the
boilers in the series, most of which have not been actually
tested. However, Mr. McOsker informed me recently
that in the past few months he has had an opportunity
to check these results on boilers in actual operation,
boilers located all over the L nited tates, and that he has
always found the temperatures to check those which we
determined experimentaally. Incidently, he also found
that dirty tubes produce a stack temperature that is about
100 degrees higher than that with clean tubes.
The following is an extract from Mr. McOsker's
summary of my work
:
"These data give comprehensive knowledge of heat
transfer perforinance for any of the boilers tested. This
facilitates primarily the study of all the variations of
eiificiency due to other \arying losses. In conjunction
with the regular computations by the standard test codes
these losses may be closely calculated and average results
determined, and the variations coordinated with heat
transfer as a known quantity."
Mesopotamian Sculpture
(Conlinufd from Page 14)
abstraction they arrived at a kind of mean, at a certain
ideal of manly beauty which served them to the end.
That ideal is characterized by the abundance and sym-
metrical arrangement of the hair and beard, by a low
forehead, heavy and arched eyebrows, a hooked and
rounded nose, a small mouth with full lips, a strong,
rounded chin, and limbs whose muscular development
betrayed their vigor.
No, the Assyrians made no portraits. They did not
even attempt to mark, in any precise fashion those
physical characteristics by which they themselves were so
sharply divided from the surrounding races. On all
palaces' reliefs, the prisoners and enemies have the same
features as their conquerors, and the sole distinguishing
feature is the size of the Assyrians, and in some cases,
the nakedness of the enemy.
Represextatiox of Axim.als
The height to which the plastic genius of this people
might have carried their art had their social habits been
more favorable to the study of the nude, may perhaps be
judged better from their treatment of aniiTials than from
anything else. These in general, both in relief and in the
round, are far superior to their human figures, and even
now excite the admiration of sculptors.
The cause of this difference is easily seen. When an
artist had to represent an animal, his study of its form
was not embarrassed by any such obstacle as a long and
heavy robe. The animal could be watched in its naked
simplicity and all its characteristic mo\'ements grasped.
The sculptor could follow each contour of his model; he
could take account of the way in which the limbs were
attached to the trunk. Whether he modelled an animal
separately or introduced it into some historic scene, it is
always well rendered both in form and in movement.
This is to be most clearly seen in the ricli and varied
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scries of Assyrian iclii'ts. bur tlu' less iiumiTous works of
Babylonian orifjin sbow tbc sanu' tcndi-ncy aiul talent.
In copying tbe principal types of tbe animal world witb
fidelity and vifjor, the Ass\rian sculptors only followed
the example set them by their south-country masters.
Some of the animals, wild and domestic, most fre-
quently portrayed were the dog, lion, ox, ass, horse, ibex,
goat, ape and boar. In these pictures, birds hold a very
secondary place; Assyrian sculpture was hardly light
enough of hand to render their forms and feathers. In
Assyria, a nation of soldiers and whose chief inspiration
was war, the only birds we find often reproduced are
the eagle and the vulture. A few partridges have been
found, and even an ostrich is sculptured on a cylinder.
Perhaps the most important place was occupied by tiie
lion. We ha\e seen how frequently it was emplo>ed at
the palace entrances. In the reliefs it is found in every
attitude, stretched carelessly on the ground, crouched
ready to spring, in agony of death, and e\'en at play with
the cubs. Most expressive and pathetic is the picture of
a lioness struck down by arrows (Fig. 3). C^ne of the
three arrows that ha\e reached her has transfixed the
spinal column at the loins. All the hind part of the body
is paralyzed. The hind feet drag helplessly on the ground,
while the poor animal manages for a moment to support
herself on her forepaws. She still faces the enemy, her
half-opened jaws are at once agonized and menacing,
and, as wc gaze upon her, we can almost hear her last
groan issue from her lips.
^Maspero, "Dawn of Civilization." 546.
^Terrot and Chipicz, "History of Art in C'haldaea and Assyria,"
Vol. I, 64, where credit is given to Muller, "Fragmenta Historicum
Graecorum." Vol. II, p. 49fi.
'Perrot and Chipicz, "History of Art in Chaldaea and Assyria," Vol.
I. p. sn.
What Branch of Engineering Shall I
Choose?
(Cnnlinui-J from Par/r 21)
3. Language—English certainly, and one foreign
language if possible.
4. [drawing, including Descriptive Geometry.
5. Non-engineering subjects dealing with human re-
lations, such as Commerce, History, and Law.
The selection of the professional fundamental subjects
is not so simple, but a few may be safely indicated, keep-
ing in mind the fact that such subjects must be a sort
of highest-common-factor of the graduate's possible
future field of activities.
The professional list:
1. Power and its generation from coal, oil and gas,
hydraulic sources.
(a) Thermodynamics.
(b) Mechanics.
(c) Machine Design.
2. Power and its application.
(a) To the subdivision under ( 1 ) add Shop
and Factory Operation and ^Linagemcnt.
The ideal Mechanical Engineering graduate must, as
already indicated, also acquire the ability to deal with,
men and .secure a w'orking knowledge of business dis-
cipline as well. This can only be done by actual con-
tact with industry at various vacation periods during his
four-year course. Unfortunately, no provision is made
for registration in these important training subjects at
the time the student's yearly program is made up.
Organization and Equipment :
The teaching staff required to present the profes-
sional subjects of the curriculum through lectures, recita-
tions and laboratory work requires an organization of
o\er forty persons. ALuiy of these are specialists in their
fields wiio have contributed through their research work
and their publications to the present state of our knowl-
edge of the subjects they teach.
1 he laboratory instruction is given in several labora-
ti)r>' units equipped to illustrate principles, methods and
t\pes of mechanical equipment, supplementing under
operating conditions the lecture-recitation work. No at-
tempt is made in any laboratory to train or dc\elop opera-
tives or mechanics, as such is not tiie objecti\'e of the
department as already stated.
O t>pr)rt unities:
During each of the past three or four >ears we have
graduated from 30 to 40 men in Mechanical Engineer-
ing, and during those same years we have received re-
quests each year in person and by correspondence from
employers in the thirty or more divisions of the field of
IVIechanical Engineering for many times as many men
as graduated in any year. Since September \, 1929, we
have filed requests from more than L15 employers who
desired the service of from one to several of the gradu-
ates of this department, any and all of which requests
are available to any of our students at any time.
Mining Engineering
Proi'. a. C. Cai.len
Head of the Department
This fall the Department of Mining Engineering
celebrates its twenty-first birthday, for while some in-
struction in mining subjects was offered at Illinois in
earlier years it was not until 1909 that instruction was
resumed and the \vork organized as a separate department
of the College of Engineering.
Rut mining as a science is much older than twenty-
one years. Its professional society, the American Institute
of Mining Engineers* was the second of the national en-
gineering societies, being founded in 1871. As an art
mining goes far back into the misty past, for the securing
of metals for purposes either ornamental or utilitarian has
been practiced for centuries. Today mining and metal-
lurgy supply the raw and finished material for the in-
dustrial world. Indeed it has been said that ours is a
mineral civilization.
Some are attracted to mining because of the romance
that has always been associated with it, for the lure of
gold, the chances of suddenly "striking it rich," have led
the adventurous in all ages. And romance and adventure
are still offered to those who like this phase of the work.
As these words are written one of our recent graduates is
prospecting up near the Arctic Circle, and another has
just returned after two years of exploration for new
diamond fields "out in the bush " in the Cote d' Ivoire,
French West Africa.
Others are influenced to choose mining as a lifework
b?cause they see in it opportunities to reiidtr a real
service to their generation by performing the necessary
work of supplying the fuel, the oil, the metals and non-
metals that are demanded by modern industry. In such
work they find at home just as much romance and ad-
venture as do their classmates who have gone abroad.
One mini miner may be mining the coal which another,
th- superintendent of a by-product coke plant, is nvikiri"-
into coke. A third is getting out the iron ore which will
be smelted by tlie coke, and eventually steel will be made
from this pig iron by a fourth who is in a steel plant.
Thus these four Illini miners are furnishing steel for
rome civil or mechanical engineer to use. Another is
producing copper for the use of the electrical engineer.
Here is another who de\elops and sells mining machinery.
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another is doing research work on coal preparation, an-
other is in the oil game, still another is a consulting en-
gineer,—and so on. In all parts of the world or "right
in their own back yard," lllini miners are engaged in
practically every kind of mining and metallurgical work.
The field is broad, the opportunities are many, the re-
wards—both in satisfaction and money—are commen-
surate with the ability, application and enthusiasm that
the graduate brings to his work.
The curriculum in Mining Engineering begins to
diverge from the other engineering curricula immediately
after the freshman year, although students may transfer
to mining as late as the beginning of the junior year with
little or no difficulty. In the sophomore year in addition
to the fundamental courses in calculus, physics, mechanics
and language or approved elective that are common to all
engineering curricula, mine surveying is studied during
both semesters. Besides the regular classroom and field
work, a survey is made of a small mine near Danville.
In the third year the real work of specialization
begins with Mining 1 and 4, covering explosives, drilling,
shaft sinking, tunneling, cutting and loading machinery,
and methods of working flat and inclined deposits. There
is also a course in electrical engineering of mines. Miner-
alogy' and geology are studied simultaneously with the
mining subjects. Quantitative analysis in the first semes-
ter, and courses in power measurement and steam engines
and in graphic statics during the scond semester, to-
gether with a year's work in mechanics round out a
junior program of fundamental science and engineering.
By the senior year the mining student has had oppor-
tunity to have three summers of varied mining experience
and he is prepared to decide which branch of the pro-
fession he wishes to follow—coal mining, ore mining or
metallurgical work. The mining curriculum offers a
choice of any one of these three options, and while they
do not differ sufficiently among themselves to limit
a man to one field after graduation, yet they do present
the chance for a certain degree of specialization in three
important branches of the field of mining engineering.
Certain courses—mine administration, coal and ore
preparation, ferrous metallurg\', mining and metallurgical
design and reports—are common to all options. Mine
haulage, hoisting, pumping and ventilation are included
in the coal and ore options while the metallurgical stu-
dents are devoting their attention to non-ferrous metal-
lurgy-. While the ore miners are studying economic
geology, the other two options are working on the utiliza-
tion of fuels. Extra laboratory work in mine ventilation
is done by the coal miners while the ore mining and
metallurgical options are taking fire assaying.
All mining students look forward to the senior in-
spection trip. Within a week's time and at a cost of
about >45, a very comprehensive trip is taken. It in-
cludes underground coal mining, stripping operations,
coal preparation plants, fluorspar mining and milling,
underground limestone mining, iron mining and milling,
clay mining, the mining and milling of lead, metallurgy
of lead and zinc, the manufacture of by-product coke
and the metallurgy of iron and steel. The inspection
trip not only furnishes the student an opportunity to see
the details of mining practice but it gives him a perspec-
tive of the magnitude and diversity of the field he is en-
tering on graduation.
The Mining Society, which is an affiliated student
branch of the American Institute of Mining and Metal-
lurgical Engineers, holds semi-monthly meetings. Mem-
bership is open to freshmen as well as to upper classmen.
These meetings are quite informal and not only provide
the students with the opportunity of hearing and reading
papers, but make possible an intimate acquaintance be-
tween students and faculty members.
The laboraton,' equipment of the department is
housed in the Mining Laboratory, just east of the
Transportation Building. The equipment is complete
and modern. No mining school in the country has a
laboratory that provides better or more adequate equip-
ment for effective teaching. A chemical laboratory, a
fire assaying room, a calorimeter room, an electrical
section, a grinding and sampling room and a small
machine shop are also found in the Mining Laboratory.
lllini miners, whether undergraduates or graduates,
are a live group, interested in and enthusiastic about
their work. You will find them almost anywhere in
Illinois, in the L'nitcd States or in the wide world out-
side.
•Now the Amcric-in Institute of Mining and Metallurgical Engineers,
the name being changed in 1919.
Department of Theoretical and
Applied Mechanics
Prof. M. L. Enger
Head of the Department
Courses in Theoretical and Applied Mechanics are
included in all curricida in Engineering, in Chemical
Engineering and Industrial Administration, and are pre-
requisite to many of the advanced technical courses. The
courses in mechanics fall into three divisions: analytical
mechanics, mechanics of materials, and hydraulics.
Analytical mechanics is concerned with the laws govern-
ing the action of forces on rigid bodies. The mechanics
of materials deals with the stresses and deformations in
bodies (parts of machines, bridge members, etc.) caused
by the action of forces, and with the strength of ma-
terials of construction. Hydraulics is the application of
the laws of mechanics to fluids.
The laboratory courses in the mechanics of materials
and in hydraulics are planned to allow the student to
verify the important principles and to give him experi-
ence in carrying on experimental work in these fields.
The increasing magnitude and complexity of struc-
tures, as well as the development of new material and
processes, make it necessary for the engineer to introduce
refinements in design calculations and in tests of ma-
terials which previously have not been necessary. Long
span bridges, high buildings, great dams, large tunnnels,
the frames of large airplanes and dirigibles are illustra-
tions of structures which are making necessary additional
knowledge of the properties of materials. In the field of
mechanical engineering, greater steam pressures and
superheats, and the constant increase of speed and size
of machines, have brought demands for information on
the properties of materials under high temperatures and
under repeated loads, and has made it necessary to make
elaborate investigations to find methods for eliminating
vibrations. Manufacturing organizations are finding it
necessary to establish research departments to deal with
the new problems which are constantly arising and to im-
prove the product and to reduce its cost. Many engineer-
ing graduates are finding places in such organizations,
and to train men for this work the department gives
specialized courses for advanced luidergraduates and for
graduate students.
In addition to the work of instruction the depart-
ment is carrying on research work in plain and rein-
forced concrete, fatigue of metals, stresses in railroad
track, cast iron pipe, and hydraulics. The results of in-
vestigations are published as bulletins of the Engineering
Experiment Station. The facilities of the Materials
Testing Laboratory entitle it to a place among the great
laboratories of the world.
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Contemporary Enjiineer-
injj News
(C.oiilinu,\i from Pat/,- 28)
The morgue was moved 32 feet hiterally
and 267 feet longitiidiiiallv. All the crih-
liing %vas built before the moving was
begun. Twenty-two tracks made of 100-
pound rail were laid on the cribbing and
then the rollers were placed on top. The
sets of six-pulley blocks with 5ii-inch wire
rope were used in moving the building.
The power was supplied by two teams of
horses on two capstan windlasses moving
at a speet of 20 feet per hour. In the
longitudinal move the slope was in two
directions and the soil was unstable, while
much of it was fill. Also a street with
an 8 per cent slope and basements of
wrecked buildings had to be crossed. The
morgue was moved at its original eleva-
tion over to Fourth Avenue, then lowered
7 feet, moved across Fourth Avenue and
lowered 8 feet + inches which was its
final elevation. The concrete foundation
was newly built and this fact made it
necessary to use considerable care in
keeping the cribbing from bearing on the
new foundation.
The Detroit Sewer Failure
The removal of the fine water-bearing
sand foundation caused the three failures
in the Southfield Road sewer as told in
the ."August 7, 1930 issue of Engineering
News-Record. Incorrect construction of
concrete joints and a subsequent cracking
in the sewer barrel allowed the fine sand
to find ijs way inside the sewer. Poor
construction, inadequate soil investigation,
design, inspection and supervision were
probable causes. The department of public
works and the contractor share the re-
sponsibility. "It is recommended that the
failed sections be rebuilt in open cut on
the present line and grade; that the sewer
barrel be reinforced where it lies in the
sand and has not failed ; that all leakage
be stopped ; and that the invert be lined
throughout the lower 4,800 feet vitrified
tile liner plates."
Although the concrete was withi[i
reasonable limits of the specified propor-
tions, poor placing resulted in "thin walls
and porous, low-strength concrete in many
locations." The specifications called for
a minimum thickness of 16 inches in the
walls. However, at one section the thick-
ness varied from 6j4 inches to 26 inches.
The 6-inch cylinders which were cored
from the sewer showed compressive
strengths from 987 to 6,171 pounds per
square inch with the crown usually com-
posed of the weaker concrete. The key-
stone section Avas proved to be made of a
dry mix concrete. The concrete propor
tions showed variations from 1:2.6:1.8 to
1:3.4:5.3 as analyzed in the laboratory.
The excess sand was probably due to the
infiltration.
The alignment was off several inches
at various points and occasionally a foot
or even more. At some points the con-
crete was cracked because of settlement
and at others there were pockets of two
feet below the average grade line. Al-
though keyways and steel liner plates
were specified, none were apparent after
the inspection.
The article goes on, "The three failures
were found to have occurred in the same
manner—namely, by settlement of the
foundation and subsequent failure of the
barrel when acting as a beam, followed
by a large inrush of sand a further weak-
ening of the foundation extending along
the barrel each way from the break,
causing successive short lengths to break
and settle and finally resulting in the
crushing of the barrel under the load of
the overlaying clay."
Extreme difficulty was encountered dur-
ing the work of driving the tunnel. Better
progress could have been made had the
groundwater level been lowered by
driving wells. Longitudinal reinforcement
and the removal of the water from the
sand would have produced a sound barrel.
The reconstruction includes the rebuild-
ing of 1,100 feet of old sewer by the open
cut method. VA'ell points will be driven
below the sewer to lower the groundwater
level. The open trench will be 28 feet
deep with 1:1 side slopes. Steel sheet
piling is to be used in the subgrade.
Sections where there is considerable
groundwater will be waterproofed by
placing Jkj-inch steel liner plates on the
inside and then covering them with
gunite. The estimated reconstruction cost
is $610,000.
"Is the steak ready yet, dear?"
"I'm sorry I've been so long, honey.
It looked hopeless grilled and it doesn't
look much better fried. But, if you'll be
patient a little longer, I'll see what boil-
ing does to it." —Cappir's Weekly.
Gambling may be a vice, but a Scotch-
man is tighter. (Time limit: two days.)
—Wisconsin Octopus.
An organization that covers many fields . . .
serving the merchant marine
A-E-CO PRODUCTS
Toy/or Stokers
A-E-CO Marine
Auxiliaries
Juruick
Refrigeration
A-E-CO Furnace
Armor
Lo-Hed Electric
Hoists
A-ECO electric Winch
The Morro Caslle,
one of the new
liners with A-E-CO
auxiliaries.
A-E'CO Sfeerer
FROM the days when steam first
came into use at sea, the American
Engineering Company has been build-
ing the machines with which ships are
operated. It has led in the application
of electric and hydraulic power for
the safe, convenient handling of mod-
ern craft, from battleship and ocean
liner to river towboat. A-E-CO Marine
equipment is used on the Seven Seas.
Some of these machines and one of
the new liners with A-E-CO Auxiliaries
are shown here.
AMERICAN ENGINEERING COMPANY, 2 111 ARA MINGO AVENUE, PHILADELPHIA
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Millions oF
Tiny Barriers say-
RUST SHALL NOT PASS
When you install Reading
5-Point Pipe, you are sure thot
pipe maintenance costs will be
oractically nothing during the
entire life of your building! Re-
nnember, too, that the initial cost
of Reading 5-Point Pipe is only
slightly higher than that of
cheap, unsatisfactory pipe.
Why doesn't rust eat into Reading Genuine Puddled
Wrought Iron Pipe, as it does into ordinary pipe? A
microscope will tell you—and more than eighty years
of experience will furnish the proof! For, through-
out the structure of Reading 5-Point Pipe, millions
of silicious barriers say ^'Stop'^ to corrosion.
Puddling—the time-tested way of making the origi-
nal. Genuine Puddled Wrought Iron— distributes
this silicious element so uniformly that rust can't find
a loophole. That's why it is important to insist on
getting Reading Genuine
Puddled Wrought Iron,
known for generations. Our
name and indented spiral
mark protect you.
For Xour Protection,
This Indented Spiral
Forever Marks
READING IRON COMPANY, Reading, Pennsylvania
Atlanta Baltimore Cleveland New York Philadelphia
Boston Cincinnati St. Louis • Chicago New Orleans
Buffalo • Houston • Tulsa • Seattle San Francisco
Detroit - Pittsburgh Los Angeles - Kansas City
^m^ltt^^
GENUINE PUDDLED WROUGHT IRONEADINC PIP
DIAMETERS HANCINO FROM VS TO 20 INCHES
' Science and Invention Have Never Found a Satisfactory Substitute for Genuine Puddled Wrought Iron
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Instructor: 'What is the mechanical
advantage in having a pump with a long
liandle?"
34: "So you can have someone to help
you pump." —Siiciicr and Invention.
A farmer's nife shipped a crate of eggs
to a wholesale house in a city, but before
doing so she wrote on one of them: "I
got two cents for this egg. What did you
pay for it?" And she added her name
and address.
A vear later she received an answer.
It was written on the highly embellished
stationerv of an actor. "My Hear
Madam," he wrote, "^vhile playing the
part of Hamlet, out West recently, I re-
ceived vour egg for nothing."
—Science and Invention.
"How's your Aunt .\gatha, Flo?"
"Oh, middlin', middlin'."
"Vou don't understand, I asked about
her health.
"
—Il'isconsin Octopus.
Mandy was very old and had many
recollections of the past. However, at
times her memory went astray.
"I suppose you remember Lincoln,
Mandy?"
"
'Deed, Ah does."
"How about Washington?"
"Yes, indecdy. Ah 'members him."
"My, Mandy. that's remarkable, 1 don't
suppose you remember the fall of Rome."
"Well, no, boss. But .A.h does kinda
recall a distant thud."
Her husband, Amos, also was elderly,
but still more active than Mandy.
"So vou remember way back to the
Civil \Var?"
"Yas, suh. De Cibil War an' Cicn'l
Lee and all that."
"Perhaps you remember the sinkii\g of
the Maine."
"Sure does. .\h helped 'em put in the
gas works, too."
A Malemute of ill repute
Once bit a dozen babies;
Eleven died, but I survived
—
The dog contracted rabies.
—Cornell IfiJoiL:
Then there's the abseiit-minded pro-
fessor who turned on his wife and kissed
the ignition. — If'est Point Pointer.
Chemistry Professor: "If you put some
yeast in a mixture of honey and water
and let it set in your house for a week,
what would be the result?"
Student: "A raid, $1,000 fine and 90
days." —Science and Invention.
It \vas necessary to decide for taxation
purpnscs whether a border farm lay on
Canadian or United States territory.
Surveyors finally announced to the old
lady who had just purchased it, that it
just came within the .American side.
The old lady smiled with relief, "rm
so glad to know that," she said. "I've
heard that the winters in Canada are
terribly severe."
—Sciciue an Invention.
Teacher: "Billy, what's your father's
occupation?"
BiUv: "He's a worm's substitute."
Teacher: "What on earth is that?"
Billy: "He bores holes in furniture for
an antique dealer."
—Science and Invention.
"Good day, Mrs. Chaney. Can I sell
vou some tea ?"
"Ceylon?" —
"Whv, ves, I just passed him on my
wav here.'' —Penn. State Froth.
We call him horse because he takes
after his fodder. —Green Goat.
They were alone in the country
—
wooded hills separated them from the
nearest house. The spot was ideal for a
murder. Suddenly he muttered and
wheeled on his prone victim. "I'm going
to kill you," he hissed. Slowly he pulled
out his shooting iron and advanced step
by step. The one on the ground lay
white and motionless. Bang went the six
shooter, and dirt flew into the air. But
the shot went wild. "You'll get it now,"
he raged. Again the sturdy six crashed
and again he missed. With an oath he
threw down the weapon and seized a
hickory club. Down came a horrible
blow. "I got you," he cried. And the
golf ball rolled to the green.
—California Pelican.
Teacher: "Who was George Wash-
ington?"
Pupil: "He's the guy whose wife
makes candy."
—Pennsylvania Punch Boivl.
Professor: ".\rc there any more ques-
tions?"
'34: "Yes, how do you determine the
horse-power of a donkey engine?"
—Science and Invention.
City Bov (looking at his first wind-
mill): 'Say, I'ncle Tom, that's some
electric fan you have out there cooling
the cows." —Science and Invention.
"You'll hang for this," chortled the pro-
fessor, "or rather, I should say, you'll be
suspended." —Colorado Dodo.
"I would like to purchase these two
ties."
"Yes, sir, and how do you like these
socks?"
"No socks, thank you. Just the ties."
"Perhaps some shirts would appeal to
you?"
"No, nothing but the ties."
"But I know you'll like this hat—latest
thing from London, sir."
"No! I want nothing but ties."
"And you wouldn't even care to look
at this muffler?"
"No! Let me out of here."
"Well," laughed the salesman, "that's
once I got back at my barber."
—Black and Blue Jay.
There was a furtive look about the big
man standing undecided on the corner.
His eyes, as they roved nervously up and
down the crowded street, had something
of the hunted beast in them. Roving, al-
ways roving. Suddenly he stiffened. His
jaw shot out menacingly. He took a quick
step forward, thrusting a clenched hand
into his pocket—others had done it and
got away with it, why couldn't he?
He gave one more all-encompassing
look and strode forward, glancing at the
smiling face that confronted him, con-
fidently awaiting his rapid advance. His
hand came out of his pocket with light-
ning-like speed. Something glittered as it
caught the last ra.\s of the setting sun . . .
"Gimme a pack of Chesterfields,"
growled the freshman tackle, as he
planked a dime on the counter.
—Georgia Cracker.
"I suppose your home town is one of
those where everyone goes down to meet
the train."
"What train?"
—\otre Dame Juijijler.
"Have vou seen Ritis around here
lately?"
"I don't believe I know Mr. Ritis."
"Why, I supposed, of course, you
neuritis." —Penn. State Froth.
"Yes, I'm cosmopolitan. My father was
Irish; my mother was Italian. I was born
on a Sw-edish ship off Barcelona. Mac-
Tavish is my dentist."
"What's MacTavish got to do with it?"
"Why, that makes me of Scotch ex-
traction."
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^ISTRIBITION is the ans>v<r to
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I I I i'*'"^ "^ ^ produi-t. Distribii-
I I I '''"" '^ ^ matter of liiiinaii re-HI I lutioiis. Just as the foiimler
J |____--^ established a siinpk- creed for
h«)lli niaiuifaetiire and distribution— so his
sons earry on that same basis of working, on
more widespread lines.
MRS. KATE F. STOCKIIAM. 'SS
R. J. STOCKHAM,
Secrelary
Doiif^lassW. SlcM-kham fiii(l> willing' refllection,
both in the Stoekhaiii organization itself and
in its nation-wide group of distributors, of
the simple creed of liis father—to contribute
honestly and sincerely to the greater effi-
ciency, convenience and t!icref<»re prosperity
of his fellow-man,— a human ambition per-
petuated by a human organization.
STOCICIIAM I'll'i: C^ inTIN(;S i:0..'lUr,niugham.cAla.
R. E. RISLEY, "20
Supl. l.l>p<-clloii Depi
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Aluminum in Architecture
The thought and spirit of this generation suggests
that modern architects use new materials for old purposes
in keeping with its demands, says an article in the August
issue of The Architectural P^orum. Simplicity, speed and
lightness arc characteristics of this age. Over-ornamenta-
tion is not much used today but rather simple forms arc
being used in grilles, balustrades, spandrels, mouldings,
inlays and in other decorative effects.
In 1884 a lUO-ounce aluminum casting was placed on
top of the 3,3U()-p()und capstone of the Washington
Monument. This was its first architectural use and was
the largest aluminum casting made up to that time. The
use of aluminum oxide in place of the chloride later
eliminated the expensive sodium treatment. Bauxite,
the ore from which aluminum oxide is obtained, is found
in several of the southern states.
Aluminum is very resistant to atmospheric corrosion
and its compounds are colorless, thus eliminating any
staining or streaking. It requires no painting and hence
there is no loss of sharpness or refinement of detail. A
polished surface remains brighter longer than a rough
one. Aluminum is the lightest of all the architectural
metals. Its maximum tensile strength is about 60,000
pounds per square inch and it has a modulus of elasticity
of about 10,000,0000 pounds per square inch.
Different finishes are obtained in aluminum surfaces
by the following processes: by polishing, which brings
out the blue tinge; by sand-blasting, which gives an
etched glass effect, and by rubbing with an emery cloth,
which gives a satin finish. Aluminum can also be
enameled or painted.
THE BEST SLIDE RULES
The famous K and E (Keuffel and Esser) line Polyphase,
Polyphase Duplex and Log-Log Duplex
You can't afford to be without one. Your name engraved on it without
charge. "Regular Price"
Something New for Architects
Eberhard Faber Black Chalk Crayons. These are artists'
sketching crayons—come in two grades. Our materials are all
standard and of highest quality.
Courtesy, Service, Satisfaction
The U. of I. Supply Store
The Co-op On The Square The Co-Op
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This K orlhinglon 3 " hnri-
zonlal tlublex piston melir
has servedfourteen years on
ammonium sulphate stor-
age line at the Seaboard
By-Product Coke Company,
Kearny, N. /
vaMfcjj^/ ~';:^aBi(J3jj'*^^' jrl ^Jul Each star marks a point in the by-product
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^^ cnke process at which one or more Worth-
nglon products can be used to maintain un-
interrupted production.
hey bought today ^s performance
. . . fourteen years ago
IN 1916, the Seaboard By-Product Coke Company installed this
Worthington horizontal duplex piston meter for measuring
the passage of ammonium sulphate from settling
tank to still.
Today, the meter is still in service, playing an im-
portant part in safeguarding production efficiencies.
It measures 37V^ tons of liquid per day.
This service record is a typical one . . . for Worth-
ington's seventy years of experience in building
meters is reflected, in each unit produced, in the
ability to function accurately year after year with a
minimum of maintenance.
The importance of measuring the fluids involved
in industrial processes is sometimes overlooked. A
check-up of your liquid handling problems by a
Worthington engineer may show you a means of
cutting costs.
WORTHINGTON
METERS
Disc Meters . . . both frost-
proofandfor warm climates
Turbine Velocity Meiers
Compound Meters
Cold Water Meters
Hot Water Meters
Oil and Gasoline Meters
PUMPS
COMPRESSORS
Stationary and Portable
CONDENSERS
and Auxiliaries
DIESEL and GAS ENGINES
FEEDWATER HEATERS
MULTI-V- DRIVES
CHROMIUM PLATING
JCileralure on request
WORTHINGTON PUMP AND MACHINERY CORPORATION
Worlii: Harrison, N. J. Cincinnali. Ohio Buffalo, N. Y. Holyoke, Mass.
Executive Offices: 2 Park Avenue, New York, N.Y.
GENERAL OFFICES; HARRISON. N.J.
District Sales Offices and Representatives:
ATLANTA CHICAGO DALLAS EL PASO LOS ANCiELES PHILADELPHIA ST. PADL SEATTLE
BOSTON CINCINNATI DENVER HOUSTON NEW OHLEANS PITTSBURGH SALT LAKE CITY TULSA
BUFFALO CLEVELAND DETROIT KANSAS CITY NEW YORK ST. LOUIS SAN FRANCISCO WASHINGTON
B'anch Offices or Representatives in Principal Cities ofall Foreisn Countries
U'lTH ALL THE Py%$T
FROM . .
.
IN
our youngest industries— radio and aviation— oxwelding
is a standard production tool. With two centuries of manu-
facturing practice to draw from, each has chosen oxwelding
as the modern method of high-speed production at low cost.
Oxwelding is ideally suited to routine manufacturing opera-
tions. It is readily adaptable to rapid increases in production
and frequent or unforeseen changes in design.
It is applicable to the widest range of materials— steel and
the ferrous alloys—aluminum, brass, bronze, and practically
all other non-ferrous metals and alloys.
THE LINDE AIR PRODUCTS COMPANY . . . THE PREST-O-LITE
COMPANY, INC. . . . OXWELD ACETYLENE COMPANY . . .
UNION CARBIDE SALES COMPANY,
Units of
UNION CARBIDE AND CARBON CORPORATION
General OHices . . New York 1 1 1 1^ ^ Soles OHices In the Principal Cities
65 Linde plants . 48 Prest-O-Lite plants . 174 Oxygen Worehouse stocks . 156 Acetylene
Warehouse stocks . 42 Apparatus Warehouse stocks . 245 Union Carbide Warehouse stocks
Taking Electrical Convenience
From or Man River
Join us in the General Electric
program, broadcast eiery Saturday
evening on a nation-uide N.B.C.
network
GENERAL
ELECTMC
GENERAL ELECTRIC CONfPANY
'T~'HE total capacity of waterwheel generators
built by General Electric in the last ten years is
more than enough to supply light and power for
twenty cities of one million population.
Installed in power houses along the waterways,
these machines transform the strength of mighty
rivers into useful electric energy for homes, for
industry, and for transportation.
The vision and skill of college-trained men are
largely responsible for the continuing leadership
of General Electric in its service of furnishing
machines and devices that provide the swift, sure
convenience and the economy of electricity— on
land and sea and in the air.
9';.716DHSCHENECTADY
